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ABSTRACT
This thesisclaimsthatergonomicsandfunctionplaysthemostimportantrolein thedesign
of healthequipments.Every detail is designedaccordingto both ergonomicvaluesof
humananthropometryandobject'sfunction,of which arethemajorpartsof individual
expectationsfromtheobject.
As a designedobjectaftera casestudy,thegeneralpurposehospitalbed is a product
derivedfromthedimensionalimitationsof humanbody.In thedesignprogress,thespine,
pressurepointsin layingposition,havebeenanalised,thefunctionsthata generalpurpose
hospitalbedshouldbring,havebeendiscussed.Also thetargetmarket,customeranduser
differences,areexamined.
This analysishaveled to a conclusionof a hospitalbedasa designedproductfor a target
customer.
Keywords: Ergonomics,Human-machineInterface,Bed, GeneralPurposeHospitalBed,
Spine,Back,PressurePoints,Matress,Function.
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Bu tez,fonksiyonveergonomininsaghkgeree;:leritasanmmdaenonemlirolii oynadlklanm
iddia eder.Urtindekiher detay;bireyintirtindenbeklentilerininen onemlileriniolu~turan
insanantropometrisivemtintingetirecegifonksiyonauygunolaraktasarlamr.
Bir ettidsonucundatasarlanantirtinolan genelamae;:hastaneyatagl,insanvticudunun
ole;:tisels mrlanmnttiretilmesinebagholarakbir futinhalinegelmi~tir.Tasanmmgeli~me
stirecinde,omurgave yatl~pozisyonundavUcuttakibasme;:noktalane;:oztimlenmi~;genel
amae;:hhastaneyatagmmta~lmaslgerekenfonksiyonlartartl~l1ml~tlr.Aynca,hedefkitleve
ttiketici,kullamClfarklanirdelenmi~tir.
Bu e;:oztimlemesonucunda;belirli bir hedefkitle ic;:intasarlanml~bir tirtinolan hastane
yatagmaula~I1ml~tlr.
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Yatagl,Omurga,Slrt,Basme;:Noktalan,YatakSiltesi,Fonksiyon.
TABLE OF CONTENTS
LIST of FIGURES vii
LIST ofT ABLES .ix
1.INTRODUCTION 1
2.ERGONOMICS 4
2.1.HistoryofErgonomics 6
2.2.Human-MachineSystems 7
2.2.1.ErgonomicFactorsInfluencingHuman-MachineInterface 8
2.2.1.1.InformationStage:CognitiveSkills 9
2.2.1.2.ReactionStage:Motor Skills 10
2.2.1.3.DimensionalFactors 13
2.2.2.ErgonomicDesignComponentsinHuman-MachineInteraction 15
2.2.2.1.InformationComponents:Displays 16
2.2.2.1.1.VisualDisplay 16
2.2.2.1.2.AuditoryDisplays 19
2.2.2.1.3.TactualDisplays 19
2.2.2.2.MotorComponents:Controls 19
2.2.2.3.DimensionalProperties 21
2.3.ErgonomicFactorsIntegratedwiththeBed .25
2.3.1.FactorsRelatedtoHumanAnatomy 25
2.3.1.1.Anatomyof theSpineandPelvisRelatedtoPosture 28
2.3.1.1.1.TheSpine .29
2.3.1.1.2.TheCervicalSpine 32
2.3.1.1.3.ThePelvis 35
2.3.1.2.PressureUlcers 37
2.3.2.FactorsRelatedto InteriorArchitecture .41
2.3.2.1.TheBedroom 41
2.3.2.1.1.TheBed .41
2.3.2.2.AmbientCharacteristics .45
2.3.2.3.PatientRooms 47
2.3.2.3.1.PrivacyandIsolation .48
2.3.2.3.2.Layoutof theRoom 51
2.3.2.3.3.Amenities . ~3
IZMIR YUKSEK TEKNOlOJi ENSTlTUSO
REKTORLUGU
IKfitUohane ve OOKumantasvon Daire Bsk.'
2.3.2.3.4.MechanicalSystems 54
3.FUNCTION of aDESIGNED PRODUCT 56
3.1.CriteriaInfluencingtheDesign 56
3.1.1.FunctionalCriteria 57
3.1.1.1.PhysilogicalCriteria 58
3.1.1.2.EnvironmentalCriteria 58
3.1.1.3.CommunicationalCriteria 59
3.1.2.PsychologicalCriterra 60
3.1.2.1.PerceptualCriteria 60
3.1.2.2.Socio-CulturalCriteria 60
3.1.2.3.EmotionalCriteria 61
3.1.2.4.ExpressionalCriteria 61
3.1.3.TechnologicalCriteria 62
3.1.3.1.Materials 63
3.1.4.EconomicalCriteria 63
3.1.4.1.ConsumerLevel. 64
3.1.4.2.ManufacturerLevel. '" 64
3.1.4.3.Macro-economicLevel.. 64
3.2.IndustrialDesignApproachtoProduct-UserInteraction 64
3.2.1.PhysicalFunctionalityFactor. 65
3.2.1.1.PhysiologicalFactors 66
3.2.1.2.CommunicationalFactors 66
4. CASE STUDY '" 69
4.1.Evolutionof Bed 69
4.2.Determinationof TargetMarket 77
4.3.TypesHospitalBeds 79
4.4.ManufacturingProcess 83
4.5.Conclusion 87
REFERENCES 90
APPENDIX A AI
LIST of FIGURES
Figure 1:Muscleandleversimilarity 11
Figure2:Examplesfor rangesofjointmotion 12
Figure3: Dynamicanthropometricdimensionsandharmony 14
Figure4: Typologyof anthropometricdimensions 15
Figure 5:Thecontrolpanelof thedesignedbedonthepatientsideof thesiderail 17
Figure6: Thecontrolpaneldisplayonthenurserysideof thesiderail 18
Figure7: Thecasterlocks 21
Figure 8:Dynamicpositionsof generalpurposehospitalbedaccordingto caretype 22
Figure9: Thepositionsaccordingtothecaretype 23
Figure 10:Head,backandarmareasarticulatedwithspecialisedsections .23
Figure 11:Thepositionsthatthedesignedproducthadbeenadjusted 24
Figure 12:Maintainingstabilityduringmovement .27
Figure 13:Posturalstressoccursintheformof compressionof abdominalcontentsand
intervertebraldisksandstretchingof theposteriorspinaligaments 27
Figure 14:Thelumbar,thoracicandcervicalspines,andthepelvisandsacrum 29
Figure 15:Intervertebraldiskandvertebralbody 30
Figure 16:Anteriorandposteriorelementsof thespine.. 31
Figure 17:Balancingof theheadonthecervicalspine 33
Figure 18:Rear-viewof theneckandshouldermusculature 34
Figure 19:Differantiationin postureinthedesignedbed 34
Figure 20:Thepelvisasanarch 35
Figure21:Becauseof theslumpedposturethesofttissuesbetweenanteriorand
posteriorelementsof thespinemaybepressurised,resultingin pain 36
Figure 22:Comparisonof interfacepressuresbetweenvarioustypesofmattresses 38
Figure23:Sidelyingandsupinepressurepoints .39
Figure24:Sittingpressurepoints 40
Figure25:Zero-pressureair-fluidizedbedmattress .43
Figure26:A trapezeattachedto theheadboard .45
Figure27:Patientroom,atdaytimeandatnight. 47
Figure28 Patientroom ·IIIMIR· YURK~E~ E6~O~~iGE~StiTOSOI48
Figure29:Thecareroom 51
Figure30:Theaccesoriesfor thedisabledinthecareroom 52
Figure31:Thebedandthetoiletin thecareroom 53
Figure32:Thecompletehospitalbeddesignansweringtheneedsof physiological
criteria 58
Figure33:Thedesignedobjectshouldexpressitsfunctionbyitsvision 59
Figure34:Theroundedsiderails 61
Figure35:Thedetachablefootboardandheadboard 63
Figure36:Needs-productscycle 65
Figure 37:Semioticsapproachto form,function,objectrelation 66
Figure38:Theformof thehospitalbed,anditscompounds 67
Figure 39:Egypt.BedofMeryt. Kha'swife,8th dynasty 69
Figure40:Egypt.Plainbedwithlinencoverings.11th dynasty 70
Figure41:Egypt.Headrests.18thdynasty 70
Figure42:Egypt.Bedof QueenHetepheres,4th dynasty 71
Figure43:Egypt.Bedof Tuthankamon 71
Figure44:Solidebonybed,withstringmeshmattress,8thdynasty 71
Figure45:Greekwalnutcoach(KUNI) withleatherthongs 72
Figure46:GermanlateGothic,bedsteadandwashcupboard,16thcentury 72
Figure47:FrenchEmpire,BedsandSofas,18thcentury 73
Figure48:Morrisbedroom,atKeimscoftManor, 19thcentury,England 74
Figure49:Makintoshbed,1902 74
Figure50:AndreaBranzi,"CenturySofa",1982 75
Figure51:MichaelGraves,post-modernistbeddesign 75
Figure52:Old typeof bed 76
Figure53:Old typeof bed,detail 76
Figure54:ThehospitalbedresearchedbyRoyalCollegeof Art teamin 1961 77
Figure55:Recoverytrolley 79
Figure56:Treatmenttrolley 79
Figure57:Stretchertrolley 80
Figure58:ICD Bed 80
Figure59:HomecareBed 80
Figure60:ExaminationCoach 81
Figure61:GeneralPurposeBed 81
Figure62:CardiacBed 82
Figure63:TurningandTiltingBed 82
Figure64:TurningBed 82
Figure65:StandingBed 83
Figure66:Sawandsteelprofiles 83
Figure67:Drillingtheprofiles 84
Figure68:Bendingprofiles 84
Figure69:Grindingstation 85
Figure70:Jig fixtureandinertgasweld 85
Figure71:Paintedpartsgroupedtogether 86
Figure72:Assemblyof sub-sectionsof hospitalbed 86
LIST of TABLES
Table1:Typesof displays 16
Table2: Typesof controlsinteractingwithseveralfunctions 20
Table2: Functionsof theskeletalandmuscularsystems 25
Table4:HospitalStressFactors 50
IIMIR YUKSfK TEKNOlOJi fNSTirusu
RfKTORlUGU
LKO!ijD~ane ve Doh:montasyonDoire B~k.__ _._T., ,._ . .. __ "':.'
1.INTRODUCTION
Humanbeingsarebornin bedanddiein bed.Thematerialwhichthelife span
startsandendsin,playsaninterestingroletoexpandit aslongaspossible.Peoplesleep
in it andthe"33 percentof theirlivesis spentin it"l. By sleepingpeoplerestandlive
longer.It is thebedin whichtheytry to givebirth to theiroffspring.When theyare
sorry,theylay in it andsometimesevencry.Whentheyareill, peopletryto getwell in
theirbed.If theydon't,theyhaveto spendall theirlivesin it. And whentheendcomes
almosteverybodydiein it.
In humanlifetime,thereis no anyotherdesignedproduct(exceptthedresseshe
wears)whichis in interactionwith theuserfora longtime,sharesthe33percentof his
lifetime.Whatmakestheresearchesaboutbedinterestingis thefactthatit is a designed
objectthatmanusesandshareshis valuabletimewith it. But, as a hospitalbed is a
derivative form of conventionalbeds and uses more contemporaryproduction
techniques;increasestheattractivenessof aresearchonthem.
At first this subjectwas gIven to me; III the literaturesearchwithin the
comprehensiveuniversitylibraries in which industrialdesign and interior design
educationwasgiven(MiddleEastTechnicalUniversityandBilkent University),I saw
thattherewasnot anystudyfocusedon thehospitalbeds.Only in Bilkent University
therewasa masterthesisaboutinteriordesignof patientrooms.Therewasalsoa term
projectabouthospitalbeddesignin Mimar SinanUniversity,Departmentof Industrial
Design;neverthless,theergonomicandfunctionalsideswerenotexamined.I couldn't
find anyreferencesin thelibrariesof theseuniversitiesaboutthehumanergonomicsin
layingpositions.In thissubjectI madeapaperresearchoverTUBITAK's Ulakbimbut
thepapersthatwerenextto my subject,includedmoremedicaljargon thatwerenot
suitabletousein anindustrialdesignthesis.
I RaschkoB.B., "Housing Interiorsfor theDisabledandElderly,"(VanNostrandReinhold,New York).
Most of thehospitalbedmanufacturersthatI reachedon theinternethavesent
mecataloguesof all theirproductswith theirbestwishesin my thesisstudy.However,
it wasso sadthatnoneof thenativemanufacturersexceptRehaSaglik Urtinleri Ltd.
Sti.,hadsentmeanyinformationabouttheirproducts.Consequently,a researcherform
Helsinki Universityof TechnologyMr. Martti Teikarisentmea bookletof SOTERA
projectproceededin hisuniversityaboutrehabilitationroomlayoutfor thedisabled.
An intentionof visitingsomeof privateanduniversityhospitalsin my country
for examiningtheirhospitalbeds,especiallywith a writtenpermissiontakenfromthe
deanshipof my facultyincludingthecontentsandpurposeof my visit, couldnot be
successfulbecauseof someunacceptablebehaviorof thehospitalmanagement.But in a
shorttime stayin Belgium,by just mentioningaboutmy study,the permissionfor
takingphotographsby enteringthepatientroomsandsurgeryroomsin hygienicdresses
in BruggeInternationalHospital;onceagainmademeseetherespectandtheattention
paidtoresearchandresearchersin foreigncountries.
In examinationof productionstagesof hospitalbeds;helpfulapproachof Reha
Saglik Urtinleri Ltdi.Sti by demonstratingthe productionand by letting me take
pictures,helpedmetofill a gapin myresearch.
The dataI utilizedmost in this researchandthecasestudyis the information
writtenin theproductcataloguesof hospitalbedmanufacturers.The books and the
paperindicatedas references,thephotographsI hadtaken,andtheweb sitesof the
hospitalbedmanufacturershavealsoutilizedin thiswork.
Hospitalbed customerscan be seperatedinto two, in Turkey. Statehospitals
with limitedallotmentsandprivatehospitalswhichexpendsrelativelymore.Most of
thestatehospitals,preferscheaperandnativeproductsmostlybecauseof their limited
allotments.In this case,thebed's aestheticappealor functionalinnovationis not so
important.But in theprivatehospitals,in orderto obtaincustomer(patient)satisfaction
andto gainnewlycustomers(patients),theyprefermoreattractiveandmultifunctional
bedsandthentendtobuymostlyimportedbeds.
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In orderto coverthisdemand,foreignmanufacturersgivecertainimportanceto
R&D studies.Especially in Great Britain and United Statesthere are companies
manufacturingfor over70years.ThesecompaniesdirectstheirR&D studiesaccoridng
tothedemandsreceivedfromallovertheworld.
In our countrytherearemanufacturersin this field for about30 years.Up till
now thequalityin designhavemostlybeenignored,but todaynativemanufacturers
mustmakeproductsmatchingtheworldstandardsin thiscompetitivemarket.
I wish this studya helpful resourcefor studentsandprofessionalswho are
interestedin ergonomicsandhealthequipmentdesignandbealsoa resourcefor native
hospitalbedmanufacturersandhospitals.
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2.ERGONOMICS
Ergonomicsis theapplicationof scientificprinciples,methodsanddatadrawn
fromavarietyof disciplinestothedevelopmentof engineeringsystemsin whichpeople
playa significantrole.Amongthebasicdisciplinesarepsychology,cognitivescience,
physiology,biomechanics,appliedphysical anthropometry,and industrialsystems
engmeenng.
Designbeginswith anunderstandingof theuser'srole in overallsystem.And
thesystemsexisttoservetheirusers,whoevertheyare,evenworkers,systemoperators,
crewsorconsumers.
Humanfactors is thetermusedin theUnitedStatesanda few othercountries.
The termergonomics,althoughusedin theUnitedStates,is morecommonin Europe
andtherestof theworld.
As Kroemer (1994)definesergonomicsas "the disciplineto study human
characteristicsfor the suitabledesign of the living and work environment"].Its
fundamentalaIm IS that all man-madetools, devices, equipment,machinesand
environmentshould advance,directly or indirectly, the safety,well being, and
performanceof humans.Theemphasisis onhumanbeingsandhowthedesignof things
influencespeople."Humanfactors,then,seeksto changethethingspeopleuseandthe
environmentsin whichtheyusethesethingsto bettermatchthecapabilities,limitation
andneedsofpeople,,2.
"Ergonomicshastwoparticularaspects;
1. Study,researchandexperimentation,in specifichumantraitsandcharacteristicsthat
wererequiredforengineeringdesign.
I Kroemeret aI., "Ergonomics-Howto Design for Ease & Efficiency," Edited by W.J.Fabrycky and J.H.Mize
(PrenticeHall, New Jersey, 1994).
2 SandersM.S., McCormick E.J., "HumanFactorsin EngineeringandDesign,"(McGraw-Hili, Singapore,1993).
2. Applicationandengineering,in whichtools,machines,shelter,environment,work
tasks,andjob proceduresweredesignedtofit andaccommodatehuman."1
Scientificinvestigationsareneededto discoverinformationabouthumansand
their responsesto things,environments;their capabilities,limitations,characteristics
etc.This informationservesas thebasisfor makingdesignrecommendationsandfor
predictingthe possibleeffectsof variousdesignalternatives.The humanfactorsor
ergonomicsapproachneedsevaluationsof designedthingsif theysatisfytheirengaged
objectives.
A numberof classicsciencesprovidethe fundamentalknowledgeaboutthe
human.The anthropologicalbasis consistsof anatomy,describingthe build of the
humanbody; orthopaedics,concernedwith the skeletalsystem;physiology,dealing
with thefunctionsandactivitiesof theliving body;medicine,interestedin illnessand
their preventionand healing;psychology,the scienceof mind and behaviour;and
sociology,concernedwith the development,structure,interactionand behaviourof
individuals or groups.Physics, chemistry,mathematicsand statisticsalso supply
knowledge,approachesandtechniques.
Besidesthesebasic SCIences,a groupof applieddisciplinesare involvedin
ergonomics.Anthropometry,themeasuringanddescriptionof thephysicaldimensions
of the humanbody;biomechanics,describingthephysicalbehaviourof thebody in
mechanicalterms;industrialhygiene,interestedin the controlof occupationalhealth
hazardsthatariseasa resultof doingwork; industrialpsychology,discussingpeople's
attitudeandbehaviouratwork;management;andworkphysiology.
I KroemeretaI., "Ergonomics-HowtoDesignfor Ease& Efficiency,"Editedby W.J.FabryckyandJ.H.Mize
(PrenticeHall, New Jersey, 1994).
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2.1.History of Ergonomics
Ergonomistsaythathumanfactorsstartedwhenearlyhumansfirstusedsimple
tools and gadgets.Artists,militaryofficers,employersand sportsmenwere always
interestedin bodyandphysicalperformance.Anatomicandanthropologicaldisciplines
beganto develop.Overthecenturies,informationaccumulatedinto specialdisciplines.
"In the 15th to I ihcenturies,Leonardoda Vinci andAlfonso GiovanniBorelli were
mastersof anatomy,physiologyand equipmentdesign,althoughthey were artist,
scientistandengineerin one."l
The developmentof the humanfactorshad its beginningin the industrial
revolution of late 1800sand early 1900s.It was duringthe early 1900sFrank and
Lillian Gilbrethbegantheirwork includedthestudyof skilledperformanceandfatigue
and the designof workstationsand equipmentfor thehandicapped.In Italy, Mosso
constructeddynamometersand ergometers to researchfatigue. In Scandinavia,
J ohalIDssonandTigerstedtdevelopedthescientificdisciplineof workphysiology.Two
distinctapproachesto studyhumancharacteristicshaddeveloped;onewas concerned
with physiologicalandphysicaltraitsof thehuman,theotherwasmainly interestedin
psychologicalandsocialproperties.DuringWorldWar II, theoperationof someof the
complexequipment,wereexceedingthecapabilitiesof theoperator.Thenit wastimeto
reconsiderfittingtheequipmenttotheperson.
At the end of the war in 1945,engmeenngpsychologylaboratorieswere
establishedby theU S. Air ForceandNavy.In 1949theErgonomicsResearchSociety
was formedin Britain.
Until the 1960s,ergonomICSm the US. was concentratedin the military-
industrialcomplex.With theracefor space,humanfactorsbecameanimportantpartof
thespaceprogramme.Duringthisperiod,from1960sto 80s,humanfactorsin theUS.
expandedbeyondmilitaryandspaceapplications.Human factorsgroupcouldbe found
I KroemeretaI., "Ergonomics-HowtoDesignfor Ease&Efficiency,"Editedby W.J.Fabrycky andJ.H.Mize
(PrenticeHall, New Jersey,1994).
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III many compamesincludingpharmaceuticals,computers,automobilesand other
consumerproducts.
The conSCIOUSof humanergonomicscontinuedto grow between1980sand
1990s,with the computerrevolution.Discussionsabout ergonomicallydesigned
computerequipment,user-friendlysoftware,andhumanfactorsin theoffice beganto
takepartin thedailypress.
In the futureplansfor buildinga permanentspacestationwill meana heavy
involvementof humanfactors.Computersandapplicationsasvirtualreality,computer
aideddesign,hyperlinks,etc.will keepa lotof ergonomicstaffbusyfor a longtime.
2.2.Human-MachineSystems
A systemis anentitythatexiststomanagesomepurpose.A systemis composed
of humans,machines(products),and otherthings that work together(interact)to
accomplishsomegoalwhichthesecomponentscouldnotproduceindependently.
"A human-machinesystemcanbe consideredasa combinationof oneor more
humanbeingsandoneor morephysicalcomponentsinteractingto produce,fromgiven
inputsto somedesiredoutputs".2Simply, a human-machinesystemcan be a person
with a hammeror a hair curler.We can alsoregardthe family automobile,an office
machine,a lawn moverashuman-machinesystems,eachequippedwith its operator.
More complex systemssuch as aircrafts,bottling machines,telephonesystems,
automatedoil refineriescanbeincluded.
The typicaltypeof interactionbetweenapersonanda machinecanbe defined
as thedisplayof a machineserveas a stimuli for an operator,triggersometypeof
infom1ationprocessingon thepartof theoperator,which resultsin someactionthat
controlstheoperationof themachine.
2 SandersM.S., McCormick E.]., "HumanFactorsin EngineeringandDesign,"(McGraw-Hili, Singapore,1993).
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Systemsare generallyconsideredIn threeclasses;manual,mechanical,and
automatic.
Manual systems;consistsof handtools andotheraidswhich areused by a
humanoperatorwho controlstheoperation.Operatorsof suchsystemsusetheirown
physicalenergyasthepowerinput.
Mechanicalsystems;consistof well-integratedphysicalparts,suchas various
typesof poweredmachinetools.Theyaregenerallydesignedtoperformtheirfunctions
with little variation.The machinetypicallyprovidesthe power, and the operator's
functionis oneof control,usuallybytheuseof controldevices.
Automatedsystems;performsall operationalfunctionswith little or no human
action.
Componentsserve vanous functions In systems,but they all involve a
combinationof fourmorebasicfunctions:
1. Sensing(informationreceiving)
2. Informationstorage
3. Informationprocessinganddecision
4. Action function.
2.2.1.Ergonomic Factors InfluencingHuman-MachineInterface
Necessityand importanceof ergonomIcapproachin becomingof human-
machineinterfacecan not be denied.In orderto realisethis ergonomicapproach;
determinationof factorscausedby humananddesigningof certainphysicalcomponents
aroundthesefactors,is required.
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2.2.1.1.InformationStage:CognitiveSkills
Humanidentifieshis environmentandeventsoccurredaroundhimself;by the
informationgainedby his senseorgans.Classically five sense channelscan be
mentioned;visual,auditory,cutaneous,olfactoryandtasting.It is obviousthatsense
organsof humanbodywereusedin thisclassificationas in thesamesequenceof the
organs;eyes,ears,skin,noseandtongue.
Stimulationof senseorgansis just thefirststageof recognitionprocessabout
outerworld.Electricalsignsthatwereproducedby senseorgansasa resultof physical
stimulation;mustbe preparedand expressedin mind. Two definite stagesin this
process;factsoccurringin (1) senseorgans,(2) in mind, provecognitiveskills of
human. Researcheson sense organs are towards the definition of physiology,
physiologicalworkandlimitationsonstimulationof them.
Eye is anorganincludinga mechanismthathelpslightreachtowardsthelight
sensitiveopticnervesin it.Conceptsthathavetobementionedin thefactof seeingare
asfollows;
1. Visual Acuity; is the ability to discriminatefine detail and dependslargely on
accommodationof theeyes.
2. "Accommodation;is theabilityof eyelenstofocusthelightrayson theretina.Lack
of it sometimescausesnearsightednessor farsightedness,,2
3. Convergence;is theabilityof focusingtwoeyesonthesamepointatthesametime.
Lack of it affectsperson'svisualperformancespeciallyin thestatementof visual
tiredness.
4. Stereopsis;depth(three-dimension)perception.
5. Ability of colourseparation.
2 SandersM.S., McCormick E.J, "HumanFactorsin EngineeringandDesign,"(McGraw-Hili, Singapore,1993).
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Ear is anothersenseorganthatfunctionsin realisationof bothauditorysense
andvestibularperception.
Auditory sensesendsinformationto thebrainaboutthefrequencyandlevelof
theheardsound.Ergonomicapproachfocusesonauditorylimitsaboutthesetwoandon
limitvariancesthatcausedby theinteractionbetweenthem.
"Vestibularsenseis relatedwith theperceptionof directionandpositionof man
in space.Vestibularsenseis consideredin two;
1. Staticsense;in thepositionof headtothedirectionof gravity.
2. Kinetic sense;theaccelerationsof theheadin itsmovements".3
Vestibularsenseis regardedas a sub-factorof proprioreceptivesystem.This
systemis known as a co-ordinatorof bodymovementsandbalance,and somemotor
skills. Another sub-factorof thesystemconsistsof kinesteticsense.Kinesteticsense
helpstoperceivethepositionalrelationsof bodysegmentsrelativetoeachother.
The clearestof mechanicalsensesis cutaneousense.This sensecanbedefined
as, the result perceptionformedby a group of mechanicalnervesinside the skin.
Functionaldifferencesof thesenervescomesfromthesensetypethattheyaredirected
to, suchas touch,pressure,pain,hot, cold, etc.Quantitativedifferencesaccordingto
typesof thesenervesin theskin;affectthesensesin differentpartsof thebody.
2.2.1.2.ReactionStage:Motor Skills
Physicalactionof humanin theinteractionof human-machinesystems;requires
his motorskills to beexamined,asanergonomicapproach.Motor skills helpa person
toperformconsciousmovementswith certainpartsof thebody.Theseskills aredirectly
relatedto physicalstructureof thebody(skeleton),to themuscles,to metabolicperiod
andtothenervoussystem.
3 AsatekinM., "Endiistri TasarlmmdaOriin Kullamcl ili~kileri,"(PublicationofMETU Facultyof Architecture,
Ankara, 1997)
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As somebonesparticipatedin the skeletonare formedto protectsignificant
organs(brain,lungs,andheart);however,asageneraldescription,skeleton'swork is to
providea structureto help thebodystayin a certainpositionin spaceandto help it
move.
Boneswereformedaccordingto theforcetheyareagainst,andto the typeof
motiontheyperform.They cametogetherwith joints andagainformedvariousjoint
typesaccordingtothetypeof motiontheyinvolved.
In thehuman,therearethreetypesof muscles,whichtogetherare40percentof
thebodyweight.Cardiacmusclemakescontractionsof theheart.Smoothmuscleworks
onbodyorganssuchasby contractingbloodvessels.
Anotherkind of musclein themusclesystem;which aretied to boneswith
ligamentsare called skeletalmuscles.These have a fibril structure,which turns
chemicalenergyintomechanicalenergy,andalsohaveanabilityto shortenthemselves
by contracting.Skeletalmusclesandskeletonbonescametogetherandturnedthebody
intoasystemof levers.With thissystem,bodyhasitsmotorskill.
t S? • '2.••
Figure I: Muscleandleversimilarity,(Asatekin,1997).
"Consciousmovementsof skeletalmusclesaredirectlyrelatedto their control
by themotor-neurones.Motor-neuronesystem(somaticnervoussystem)servestwo
purposes.Oneis toobtainthebalanceof thebodyby generatingtensileforce.The other
dA IR YU KSf K HKNOLOJ i.f NSTITUSU IRtKTORlUGU
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is to causelocal motionof body partsby pulling theboneswhich the musclesare
attached,astocreatetorqueormomentsaroundthejointswhichserveaspivots".!
In ergonomicdiscipline,discussionof motorskills mustnotbe setapartfrom
biomechanicaldata.Biomechanics,examinestherange,powerandaccelerationof body
movements."In the muscle functionality;termslike flexion, extension,abduction,
adduction,rotation, circumduction,pronation,supinationare mentioned.In the
operational properties; discrete movements, continuos movements, repetitive
movements,sequentialmovements,staticpositioningarementioned".2
The rangeof movementin anyjoint is dependenton thebonestructureof the
joint, amountof muscleorothertissuesnearthejoint,andelasticityof themuscles,
Figure2: Examplesfor rangesof joint motion(Asatekin,1997).
tendonsandligamentsaroundthejoint. Therangeis alsoaffectedby age,sex,exercise,
tiredness,healthandmotivationof theperson.Consequently;movementof a certain
segmentmaybe limitedby thepositionsof the restof thebody.But, as a resultof
I KroemeretaI.,"Ergonomics-Howto Designfor Ease& Efficiency,"Editedby W.J.FabryckyandJ.H.Mize
(PrenticeHall, New Jersey,1994).
2 SandersM.S., McCormick E.J., "HumanFactorsin EngineeringandDesign,"(McGraw-Hill, Singapore,1993).
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ergonomIcresearches,acceptablerangesof movementfor everyjoint have been
resolved.
2.2.1.3.DimensionalFactors
In human-machineinteraction;dimensionalharmonythatmustexistbetweenthe
physical accompanyof humanand machine,can be establishedby knowing the
generaliseddimensionalpropertiesof humanbody.Anthropometryis the discipline
searchingfor dimensionalpropertiesof humanbody.
In ergonomics,anthropometricdatais usedespeciallyin determinationof linear
dimensions.
Dimensionalanthropometryis consideredin twokinds;
1. Staticanthropometricdimensions.
2. Dynamicanthropometricdimensions.
Dataobtainedbymeasuringbetweenanatomicallydefinedpointswhilekeeping
thebody in standardisedcertainpositions;arecalledstaticanthropometricdimensions.
Staticdimensionshaveanimportantlimitation;in dailylife, humanbodyneverstaysin
the positions thatwere anthropometrically standardised.Probablebiasesfrom these
positionsofferprobabledifferences.
This kindof limitationcreatestheconceptof dynamicanthropometry.Dynamic
anthropometricdimensionsaremeasuresbetweencertainpointson bodyin a dynamic
posturewhile it doingajob (motion).
13
dvn.11flical harmorW in 3 ("..ar
Figure3: Dynamicanthropometricdimensionsandharmony,(Asatekin,1997)
Dynamicanthropometricdimensionscanbe eitherfor generalpurpose,suchas
reachingdistances;orforspecialpurposesdirectedtowardsspecialbodypositions.
In anthropometry,implementationtechniquesof dimensionaldata are as
importantas data themselves.The purposeis to obtain the dimensionalharmony
betweenproduct and the whole population(or in general90 percentileof the
population).For this reason;anthropometricdimensionsareclassifiedin threeparts
accordingtotheirusage;
1. Minimum dimensions.
2. Maximumdimensions.
3. Adjustabledimensions.
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Figure4: Typology of anthropometricdimensions,(Asatekin,1997).
2.2.2.Ergonomic DesignComponentsin Human-MachineInteraction
In human-machineinteraction,informationis exchangedand an output is
gained.The informationis givenby thehelpof displaysattachedto theobjector the
machine.User or consumercangetthedataabouttheconditionsof objecthe usedand
thengivesa responseby thehelpof motorcomponents.This cyclecontinuesuntil the
needis fulfilled.
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2.2.2.1.Information Components:Displays
Displaysareelementsthattr~sferdatato operatorabouttheproduct'swork.
They can be classifiedby the sensechannelstheyuse; as visual displays,auditory
displays,tactualdisplaysandolfactorydisplays.
2.2.2.1.1.Visual Display
Visual displaysarepartsthattransferdatato theoperatorabouttheproduct's
functionby thehelpof somevisualcomponentson themachine.Thesedisplaysvary
accordingtothewaytheytransferdata.
Analogdisp.
Quantitativedisp./
Staticdisplays/ ""Digital disp.
/ ualitativedisp.Displays
Warningdisp.
Dynamicdisplays/ Pictorialdisp.
~Representationaldisp.
Table I: Typesof displays.
Quantitativedisplaysareusedwhentheoperatorneedsnumericaldata.It gives
thenumericalvalueof thevariable.Numericaldatacanbeshownas;
1. Analogue
2. Digital
Analoguedisplaysaremoresuitableto typeof "controlreading"at a glance.
Digital displaysare suitablefor the situationsrequiringa precisiousvalue reading.
Factorsinfluencingthereadabilityof analoguedisplaysare;
1. Functionalstmctureof thescale(divisionsystem,dividenddistances,placementof
thesmallestvalue,directionof increasing,etc.)
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2. Graphicalstructureof thescale(length,divisionform,linetype,linethickness,fonts
and sizes of characters,background/foregroundcolour, background/foreground
contrast,colourcombinations,etc.)
3. Physicalstructuresof thepointingneedle(thickness,colour,distancefromthescale,
needleform,formrelationbetweenotherneedles,etc.)
Figure5:The controlpanelof thedesignedbedonthepatientsideof thesiderail.
And also,in generalusage,overalldimensionis important.
Readabilityof a digital displayis relatedwith visual propertiesof a graphic
component.Charactersused,sizeandfontof it, line thickness,background/foreground
colourandcontrast,interactionwith othergraphicalelementsaroundmustbetakeninto
consideration.
Qualitativedisplaysare usedin transferringthedeterminativedataaboutthe
variable'scondition.Thesedisplayscanbeclassifiedin two;
1. Displaysin whichquantitativedatais readasqualitativedata.In thisexample,some
partsof thequantitativedisplayareseparatedasqualitativedisplay.
2. Displaysin whichcodedvaluesaregivenasqualitativedata.
Effectivefactorin designingqualitativedisplaysis thedifferentiationof graphic
elementsuchascolor,backgroundpatterns,symbols,etc.in perceptivestate.Warning
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displaysare used to attractattentionIn situationsthatoperatormust reacturgent.
Usuallyarearrangedby lightsigns.Designfactorsinwarningdisplaysare;
1. Structureofthe display(colorof thelight,brightness,dynamicpropertiesetc.)
2. Environment(background/foregroundcontrast,otherlightsources)
Also graphicalelementsuchas font,sizeetc.areimportantdesignfactors;if
thewarningdisplayis anilluminatedmessage(script).
Pictorial and representationaldisplaysarethe elementsthattransfera visual
system.FOlmalstructureof graphicdisplayis relatedto structureandrequirementsof
the system,which it simulate.Designfactorsalsohavedifferences.Sometimesit is
possible to mentionaboutthe line thickness,size of grain, scanningdensity.But
accordingto Asatekin (1997);"display must representa simplified and a logical
graphic.The aimis notarealisticimage.It is to obtaina representativegraphicwhich
waseliminatedfromunnecessarydetails".3
Figure6: The conrolpaneldisplayonthenurserysideof thesiderailof thedesignedbed.
J AsatekinM., "EndilstriTasanmmdaUriln Kullamcl jli~kileri,"(Publicationof METU Facultyof Architecture,
Ankara, 1997)
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Staticdisplaystransferdata,whichis notmodifiedby time,as graphicor text.
So that,efficientfactorsin staticdisplaydesignare againline thickness,font, SIze,
colour,background/foregroundrelation,visualcompositionetc.
2.2.2.1.2.Auditory Displays
Thesedisplaysareusedeithertohelpvisualdisplayswhentheyarefully loaded
or to transferextrainformation.Becausethe hearingis multidirectionalagainstthe
visuality's monodirection;auditorydisplays have superiorityover visual displays
especiallyin the informationof warning.Syntheticspeechtechnologyimprovedby
developingelectronicsprovidedtheusabilityof auditorydisplayswhich canproduce
moremeaningfulsoundsandhavewidevarietyof informationtransfer.
Only limitationIn this field comes from the temporalstructureof sound
communication.
As the"sound"is .thefactorthatwasdesignedin auditorydisplays;its physical
characteristics,perceptiveproperties,descriptionof othersoundsaroundand display
interaction,all appearasdesignfactors.
2.2.2.1.3.Tactual Displays
It is for surethatolfactorysensehasa certainpotentialof datatransfer.But in
currentapplicationsolfactorydatais onlyusedin descriptionof somecontrolswithout
visualrecognition.
2.2.2.2.Motor Components:Controls
They transfercertainactsthatmanmadeto controlthemachine'swork. Either
mechanical-dynamicaldifferencesof this work systemor functional differences
requiredby interaction,causedifferenttypes of controls to be used. Functional
descriptionscan be classifiedin severaltopics.Below tableshowstypesof controls
interactingwithseveralfunctions.
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Typesof COlitroIs Operatibility SeperatiollAdjllstmellt QualitativeAdjustmellt COlltillious COlltrol Data
fllPllt
Push-button(by hand) X
Push-button(by foot)Switch
X
Revolve switch
XXX
ThulllbwheelLever
X
CrankP daKeyboard
X
Table2: Typesof controlsinteractingwithseveralfunctions,(Asatekin,1997)
Functionaldescriptionsin thetableare;
1. Operatibility;switchon/offcertainsystems
2. SeparationAdjustment;to adjusttheworkingsysteminto quantitativelyseparated
positions
3. QualitativeAdjustment;to adjusttheworkingsysteminto qualitativelyseparated
positions
4. ContinuosControl;tocontrolacertainvariableofthe workingsystem
5. DataInput;tosendalpha-numericalcharacterstothesystem
Motor skills of thebodyareusedin operatingthecontrols.In otherwords;body
segmentsmustmakeawork in operatingacontrol,andmustresponsetotheto theforce
requirementof the mechanicalsystemwhich the control belongsto. That force
requirementis calledtheresistancea/thecontrol.
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Figure7: The casterlocksareoftenusedby thenurseryandtheservice.The dimensionsand
thetextureonthefoot-press houldbesuitableforthefoot.
Formalpropertiesof controlsareveryimportantfor aneffectiveandrightuse.
Endpartof a controlformedasaknoborhandle;affectsthegrabbingpositionandsoas
theperformance.As typeandamountof resistancein controlsaffectstheperformance
of theuser;it alsobecomeseffectivein formationof product'scharacteristicsin human
mind.
2.2.2.3.DimensionalProperties
It is anutmostnecessitytobecomein dimensionalharmony,for twoelementsof
human-machineinteraction;whentheymakea physicalrelationwith eachother.Static
anthropometricdatais usedin thedesignof elementsthatarein oneto onerelationwith
theuser,in conditionswhenusermustcontactdirectlyon.
For example,in all kindsof hospitalbeds,thecomponentshouldbe adjusted
for differentlevels.Themustbesetbothfor thetypeof care,andfor thedimensionsof
the patient.The positionsrequiredfor the typesof care are high-low positions,
trandelenburgand reversetrandelenburgpositions,cardiacsitting position, fowler,
vascularandcontourpositions.Thesepositionsareshownin thefigurebelow.
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Figure8: Dynamicpositionsof generalpurposehospitalbedaccordingtothecaretype.
Dynamicanthropometricdataaffectsdimensionaldesignof product;around
dimensionalpropertiesof certainmovementsof thebody.Here,a seriesof oneto one
relationswiththeoperator'sbodyin acertainposition,is important.
An exampleof generaldimensionsof ageneralpurposehospitalbedare;
• Overalllength(includingbuffers)
• Overallwidth(includingbuffers)
• Lengthof mattressupportbetweenheadand
footboards
• Mattress
• Widthof mattressupport
• Heightvariation
• Undermattressbackrestadjustment
• Kneeandfootelevation
: 221 em.
: 95 em.
: 200 em.
: 196x85x12.5em.
: 86 em.
: 40em- 78em.
: 0°to65°
: 30 em.
The dimensionsof the bed shouldbe adjustedn~t only for the patient's
anthropometricdatabut also for thehealthcarepersonnelwho will be in interaction
with. Becauseit is the personnelthatwill adjustthe heightsand positionsfor the
patientsby usingtheoperatiblecontrolsof thebed,suchasthebrakes,someswitches
andbuttonsonthecontrolpanelof thebedsiderailsetc.
IllMIR YUKSEK TE.~NOl~}iwE~STITOSOREKTORLUGU
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Figure9:The positionsaccordingto thecaretypecanbeobtainedalsoin theresultdesignedproduct.
For thepatientsthemostimportantinteractionwith thebed thatergonomics
involve,arethebodypartsthatcontactswith themattress.Especiallyfor the supine
position,thebacksidesof thebodyarein dangerof pressureulcers.The designof the
mattresshouldbein suchaformthatshouldeliminatethisrisk.
Below mattressdesignedin the end of this thesis, the critical areas are
articulatedwith differentsectionsin orderto supporttheback and spine, to avoid
pressureulcers.
Figure 10:Head,backandarmareasarticulatedwithspecializedsectionsof thedesignedmattress.
Also anotherbody part is the spme. It flexes throughall the suitableor
uncomfortablesleepingpostures.The designof thebedconstructionmustbe in a way
thatprovidesthebestposturefor thebodyandthespine.Thepositionsof thegeneral
purposehospitalbedthatwerementionedaboveareall for obtainingbestposturefor
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thespineaccordingto thetypeof care,andalsofor minimizingthepressurescoming
fromthemattressurface.
i.I
.' ~
Figure 11:Thepositionsthatthedesignedproducthadbeenadjusted,providesbestpostureforthebody
andthespine.
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2.3.ErgonomicFactorsIntegratedwith theBed
In thelyingposture,somepartsof ourbodyis affectedby thebedmattress.Mechanical
loadsarepressurisedonthepartsof thespineandthetissuesin theback.In designinga
hospitalbed,theaffectedpartsof thebodymustbeexaminedandthenspecialformsof
mattressesand somemechanicaldetailsmustbe designed.Theserelationof human
bodypartswith thebed,arecontentsof ergonomicfactorsrelatedto bed andhuman
anatomy.
2.3.1.FactorsRelatedtoHumanAnatomy
The skeletonplaysthemajorrole in supportingthebody.It is like a scaffolding
to which all otherpartsareattached,directlyor indirectly.The functionsof theskeletal
andmuscularsystemsaresummarisedin table
FUNCTIONS OF THE SKELETAL AND MUSCULAR SYSTEMS
Skeletalsystem
1. Support
2. Protection (the skull protectsthe brain
and the rib cage protectsthe heartand lungs)
3. Movement (muscles are attachedto bone
and when they contract,movementis produced
by lever action of bones and joints)
4. Homopoiesis (certainbones produce rec blood
cells in their marrow)
Muscularsystem
1. Produce movement of the body or body parts
2. Maintain posture
3. Produce heat (muscle cells produce heat as a
by-product and are an importantmechanism
for maintainingbody temperature
Table 3: Functions ofthe skeletal and muscular systems, (Bridger, 1995)
Like anyothermechanicalsystem,thebodymaybe stableor unstableandis
ableto withstanda limitedrangeof physicalstresses.Stressesmaybe imposedeither
internallyor externallyandmaybeacuteorchronic.
Mechanicalloadingof thebodymaybe distinguishedbetweenposturalstress
andtask-inducedstress.Posturalstressis thetermusedto indicatethemechanicaload
on the body by integrityof its posture.Posturemay be defined as the average
orientationof the bodyparts,with respectto eachotherand over time. Under the
influenceof gravityposturalstressbecomesan importantpartof the totalmechanical
25
stress.In orderfor thebodytobestable,thecombinedcenterof gravityof thevarious
bodypartsmustfall withinabaseof support(thecontactareabetweenthebodyandthe
supportingsurface).Whenoneis layingtheweightof thebodymustbetransmittedto
thebedmattressthroughthespine,musclesandtissuesunderthem.
The alignmentof the body partsmustbe maintainedto ensurecontinuing
stability,andit is in themaintenanceof posturethatmuchstressarises.
The posture,most freeof stressis reclining.It was found in 1966,thatthe
pressureinsidethe intervertebraldiskswas lowestin this recliningposturecompared
with others.Most of themusclesof thebody,whichmaintainposturein otherbody
positions,arerelaxedin thehorizontalposition.
For thebodytobein staticequilibrium:
1. Upward forces (from floor) must equaldownwardforces(body weight+ any
objectsheld).
2. Forward forces(e.g.bendingforward)mustequalbackwardforces(extensionof
backmuscles).
3. Clockwisetorque(e.g.fromasymmetricloads)mustequalcounterclockwisetorque
(backandhipmuscles).
Whena personis leaningforwardasshownin thefigure(), a stableposturecan
bemaintainedindefinitely,althoughthepostureitselfis uncomfortable.
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Figure 12:Maintainingstabilityduringmovement(Bridger,1995)
The discomfortis a resultof the strainbeingplacedon the posteriorspinal
ligamentsandlumbarintervertebraldisks.Theupperbodyloadis no longersupported
by axial compressionof spinal structuresbut by the tension in ligamentsand
asymmetricompression"wedging"of theintervertebraldisks.
Figure 13:Posturalstressoccursin theformof compressionof abdominalcontentsand
intervertebraldisksandstretchingof theposteriorspinalligaments.
This demonstratesthata stableposturecanbestressfulif supportof bodymass
dependsonsofttissuesratherthanbone.Ligamentsareabletoresisthightensileforces,
particularlyif theseforces are excertedin thedirectionof their componentfibres.
Ligamentsplaya majorrolein protectingjointsby limitingtherangeof joint movement
andbyresistingsuddendisplacementswhichmightdamagethejoint.
Staticmusclecontractionsleadrapidlytofatigue.In somecases,softtissuescan
supportsomeof themassof thebodyparts.It hasbeensuggestedthatthelumbarspine
is supportedby increasedintra-abdominalpressure.
A majorgoalof researchintopostureis to developprinciplesfor thedesignof
environmentsthatimposelow posturalstress.Theuseof designprincipleswill reduce
theoccurrenceof fatigueanddiscomfort.Discomfortis difficultto definebecauseit has
bothobjectiveandsubjectiveelements.It wassuggestedthatdiscomfortresultsin an
"urgeto move"causedby a numberof physicalandphysiologicalfactors.Pressureon
soft tissuescan cause ischemia(exhaustionof local blood supply to the tissues),
resultingin a shortageof oxygenanda build-upof carbondioxideandwasteproducts
suchaslacticacid.This conditionis knownto leadtopainordiscomfort.
2.3.1.1.Anatomyof theSpineand PelvisRelatedto Posture
The spineandthepelvissupporttheweightof thebodypartsabovethemand
transmitthe loadto the legsvia thehip joints. They arealso involvedin movement.
Almost all movementsof the torsoandheadinvolvethespineandpelvis in varying
degrees.The postureof thetrunkmaybe analysedin termsof theaverageorientation
andalignmentof thespinalsegmentsandpelvis.Thebelowfigureshowsthespineand
pelvisviewedfrontallyandsidely.
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Figure 14:The lumbar,thoracicandcervicalspines,andthepelvis(a)andsacrum(b).The weight
of theupperbodyis transmittedthroughthelumbarspineandtheIliac bonesof the
pelvis(c) to thehipjoints andlegs.
2.3.1.1.1.The Spine
The thoraxand abdomenhang from the spmeand excerttensionwhich is
resistedby thespinalligaments,theapophyseal(facet)joints,andthebackmuscles.In
adulthumansthespineis shapedsuchthatit is closetoorbelowthecenterof gravityof
thesuperincumbentbodypartswhicharesupportedaxially-theeffectof weightbearing
the standingpostureis to compressthe spine.This compressionis resistedby the
vertebralbodiesandtheintervertebraldisks.Thecervicalandlumbarspinesareconvex
anteriorly-aspinalknownas lordosis.It is thepresenceof theselordoticcurveswhich
positionsthespineclosetoor directlybelowthesuperincumbentbodyparts.The effect
is to reducetheenergyrequirementsof themaintenanceof theerectpostureandplace
thelumbarmotionsegmentsin anadvantageousposturefor resistingcompression.The
thoracicspineis concaveanteriorlyandit is strengthenedandsupportedby theribs and
associatedmuscles.
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Spinalspring-theS shapeof thespineof apersonstandingerectgivestheentire
structurea springlike qualitysuchthat it is betterableto absorbsuddenimpacts,
transmittedalongits axis,thanif it werea straightcolumn.The lossof theS shapein
sittingmaybeonereasondriverswhoareexposedthevibrationin theverticalplaneare
sopronetobacktrouble.
Figure IS: Intervertebraldiskandvertebralbody.The fibresin thelayersrunin differentdirections
like thelayersof a cross-plytire.The outerlayersrunperpendicularlyto eachother.
(Bridger,1995)
The spinetakespartin functionalmovementsof thebody-partof thepostural
adaptationrequiredto carryoutmanyactivitiestakesplacein thelumbarandcervical
spmes.
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The spmecan be consideredsimplisticallyto consistof threeanatomically
distinctbutfunctionallyinterrelatedcolumns.
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Figure 16:Anteriorandposteriorelementsof thespine.a=Vertebralbody;b =intervertebraldisc;
c =facetjoint; d = bonyprojections;e =ligaments.
The anteriorcolumn,consistingof thevertebralbodies,intervertebraldisk and
anteriorandposteriorlongitudinaligaments,is themainsupportstructureof theaxial
skeleton.It resiststhecompressivestressof thesuperincumbentbodyparts.
The posteriorelementsof thespineactasjointedcolumns,whichcontrolthe
movementof thecompletespineandprovideattachmentpointfor thebackmuscles.
Thevertebralbodiesandtheirrelatedstructuresincreasein sizefromthetopof
thebottomof thespinein accordancewiththeincreasedloadthattheymustbear.
The intervertebraldisks act as shock absorbersand limit and stabilisethe
articulationof the vertebralbodies.The disks are prestressedto withstandloading
(analogousto reinforcedconcretebeamsusedin theconstructionof modernbuildings).
The narrowingandexpansionof thediskspacesis naturalandoccursasa resultof the
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forcesexertedon the spmeduringeverydayactivities.Since thereare 24 vertebral
bodies,all withdisksbetweenthem,theshrinkageandexpansionof disk spacesresults
in measurablechangesin stature-mostpeopleareabout1percentallerwhentheywake
up in themorningthanwhentheygo to bedatnightfor this reason.Postures,which
exertstaticloadson thebody,will interferewith this mechanismandacceleratethe
degenerationof thedisks.
2.3.1.1.2.The CervicalSpine
Thecervicalspinehasseveralfunctions-principally,to supportheweightof the
head and to providea channelfor neuralstructuresand attachmentpoints for the
muscles,whichcontrolthepositionof thehead.It consistsof sevenvertebraedesigned
to permitcomplexmovementsof thehead.The lower five vertebraeof the cervical
spinehavethesamegeneralstructureasthosein therestof thespineandaresurrounded
by anteriorandposteriorligaments.Thecervicalspineconsistsof vertebralbodiesand
intervertebraldisks,facetjoints, bonyprocessesfor the attachmentof ligamentsand
muscles,andtheintervertebralforamenthroughwhichpassesthespinalcord.
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Figure 17:Balancingof theheadonthecervicalspine
Movementsof theheadareaccomplishedby musclesattachedto it andto the
surroundingpartsof theskeleton.The deepshortmusclesof theneckserveto stabilise
the individual vertebrae,whereasthe longer, more superficial muscles produce
movementsof thespineandheadasa whole.The posteriormuscles,whichextendthe
neckarestrongerthantheanteriormuscles,which flex theneck,becausethe lastare
assistedby gravity,whereastheformerhavetoworkagainstgravity.
Static flexion of the cervical spmemcreasesthe momentarm of the head
accordingto thesineof theangleflexion.This increasestheloadon thesoft tissuesin
the cervicalregion,andtheposteriorneckmusclesareplacedunderincreasedstatic
load in orderto maintainthe forward-flexedheadin equilibriumwith gravity.The
increasedstaticloadson thesemusclesmay causepressureischemiaand starvethe
muscletissuesof fuel andoxygen.Pain in theneckandshouldersmayresult,causing
musclespasm(reflexcontractionof themuscle).This conditionmayincreasethepain
andleadto a degenerativecircle.The forward-flexedpositionmaysubjectthecervical
intervertebraldisksto increasedcompressionandtheposteriorligamentsto increased
tension.
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Figure 18:Rear-viewof theneckandshouldermusculature.
It is very importanto identifYtheposturalfactorsthatincreasethemechanical
loadonthecervicalspinethroughanincreasein flexionandto removethesefactorsby
redesigningspace.
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Figure 19:Differentiationin posturein thedesignedbed,accordingtothecaretype,
decreasestheloadonthespine.
34
2.3.1.1.3.The Pelvis
Thepelvisis aring-shapedstructuremadeupof threebones,thesacrumandthe
two innominatebones.The sacrumextendsfrom the lumbarspineandconsistsof a
numberof fusedvertebrae.The threebonesare held togetherin a ring shapeby
ligaments.
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Figure 20: The pelvisas an arch.(A) The pelvisviewedfrom the rear.a =sacrum;b = illium; c = ischium.The
sacrumactslike a truekeystonein thisplane. (B) The pelvisviewedfrom above.a =sacrum;b =illium; c
=pubis;d =positionof the intervertebraldisk betweenthe first sacraland fifth lumbarvertebrae.Under
load,thesacrumtendsto moveforward,like an invertedkeystonein an arch.It hasto beheld in placeby
strongligaments.
The pelvis is likenedto an arch,which transfersthe load of superincumbent
bodypartstothefemoralheadsin standingandtotheischialtuberosites(partof thetwo
ischia)in sitting.Whenviewedfromtherear(A), thesacrumresemblesthekeystoneof
the arch.The loadfrom aboveis transmittedthroughthe innominatesto the femoral
heads.Howeverwhen viewed from abovethe sacrumhas the wrong shapefor a
keystone-ittendsto slide forward,out of the arch (B). Under weight bearing,the
tendencyof thesacrumto slideforwardanteriorlyis resistedby thestrongligaments
betweenthesacrumandtheilia.
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Relevantto thismusculoskeletalconstructionof thebody,it is knownthatpain
canbe causedor increasedby excessiveloadingof jointsandmuscles.This canoccur
not only as a resultof traumaticeventsbut alsobecauseof sustainedexposureto
particularpostures.Disk pressureis higherin sittingthanin lyingdownbutwasreduced
whenthesitterreclinedagainstabackrest.
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Figure21: Becauseof theslumpedposturethesofttissuesbetweenanteriorandposteriorelementsof
thespinemaybepressurised,resultingin pain(Bridger,1995)
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2.3.1.2.PressureUlcers
Since pressuresoresare themostfrequentlyencounteredpressuresoresand
difficulttotreat,theypresentasignificantprobleminpatientcare.
"Pressuresoresareulceratedopenwoundswhicharetheresultsof ischemic
tissuenecrosisinvariablyformedby long-standingpressureactingon inadequatesoft
tissueover bony prominence.As the descriptionimplies,the major factor in the
developmentof soresis pressure.Withlossof protectivesensation,mostof thetimes,it
is expectedthat normal pressure-timeratios may be exceededand induce tissue
ischemia.Approximately3-4%of patientsin acutecarefacilitiesand40-50% of those
in chroniccarefacilitiesdeveloppressuresores.The incidencerises to 85% in the
presenceof aneurologicdeficitsuchasquadriplegiaorparap1egia".4
In general,thepelvisandlower limbsarethemostcommonsitesof pressure
sores.The ischialareais themostcommonregionof softtissuebreakdownwith 28%
frequency,the sacrumand trochanterfollows. Ischial soresare causedby pressure
abovetheischialprominence speciallyin seatedpatients.The avoidanceof pressure
soreis acceptedalmostimpossiblein patientswith paraplegia.In particular,pressure
soresin theischialregionlimit thedailyactivitiesof patientsconfinedto wheelchairs
andpreventheirreturntosociety.
One may supposethat the maintenanceof structuralintegrity is a primary
nursingresponsibility.Theacquisitionof knowledgerelatingtothefunctionof theskin,
the patophysiologyof tissuebreakdownand the underlyingpathology,is a major
nursingobjectivewhichoffersa foundationfor theassessmentof patients"at risk" of
developingpressureulcers.
4 AkgunerM. etaI., "Treatmentof ChronicandWide IschialPressureSoreswithGracilis MyoctaneusFlap,"
(DokuzEylul University,Izmir, 1997).
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Figure22:Comparisonof interfacepressuresbetweenvarioustypesof mattresses(PegasusAirwave Ltd,1997)
"Most pressureulcerscanbepreventedbutif theydodevelop,interventioncan
preventthemfromworsening.Insteadof devotingenergiesto treatingpressureulcers,
thefocusshouldbeontheirprevention.This is veryimportantbecauseit is avalidgoal
fornursestoberesponsiblefor thecompletecareof thepatientandthisincludescareof
theskin",5
5 SharpK., "Asia Pasific HospitalMagazine,"(May 1997)
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Themostcriticalfactoridentifiedin thedevelopmentof a pressureulceris the
durationof pressure,usually over a bony prominence.This externalpressurewill
decreasethecapillarybloodflow to theareacausingtissuenecrosis.Otherfactorsthat
havebeenidentifiedascontributingto thedevelopmentof pressureulcersareageand
decreasedmobility,shearandfriction.Thereforeit is importanthatthesefactorsare
includedonatooltopredictrisk.
"Shearandfrictionundoubtedlycausetissuedamageandthedifferentforces
thatcausethisdamagerequireassessment.Shearandfrictionmayrespondto different
interventionsto preventfurtherdamageto deeptissue(shear)andsuperficial(friction)
forces".5
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Figure23:Sidelying andsupinepressurepoints,(Sharp,1997)
5 SharpK., "Asia Pasific HospitalMagazine,"(May 1997)
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In orderto establishwho is atrisk all patientshouldbeassessedon admission
to hospitalto establishtheirmobility status.None of the assessmentools clearly
identifytheprimarycauseof pressureulcerdevelopment.
Figure24: Sittingpressurepoints,(Sharp,1997)
A tool, if used,shouldreflecttheprogressof pressureulcerdevelopmentand
havewell-definedassessmentcategorieswhichhavea relationshipto thedevelopment
of pressureulcer.
As themainrisk factorshavebeenidentifiedaspressureandreducedmobility,
assessmentof mobility shouldbe accuratelyevaluatedbecausethere is a strong
correlationbetweendecreasedmobilityandpressureulcerdevelopment.
Variablessuchasage,shearandfriction,thatincreasethedegreeof risk, should
beincludedascategoriesof anassessmenttooltoidentifythesefactors.
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2.3.2.Factors Relatedto Interior Architecture
Hospitalbedandthespacein which it standsshouldnotbethoughtseparately.
As both thedesignof thebed andthedesignof the interiorseemsto be thejob of
separatedisciplines;in theendthetargettheywouldreachis theuser,in otherwords
human.Also, therelationof hospitalbedwith interiorspaceaffectsits functionsto be
usedmoreefficiently.
2.3.2.1.The Bedroom
As indicatedabove,hospitalbed and the patientroom exist for humanas a
commonaim.The dimensionalspecificationsof bothof themis in directrelationwith
thehealthof theuser.Theyaredesignedseparatelybutin designingtheyarethoughtof
together.They usedthe only standard,humanergonomics,as a fundamental.Basic
dimensionsof apatientroomwasdesignedwhileahospitalbedhasdesignedaccording
to human dimensions.It is obvious that in a narrow patientroom, the rangeof
movementof a hospitalbedalsolimited.Using ahighendhospitalbed,cannotchange
thehealthconditionsof apatientsomuchif it existsin aweaklyilluminatedandweakly
air conditionedpatientroom.Thebedroomdescriptionconsistsof theinteriorelements
of apatient'sroom.
2.3.2.1.1.The Bed
"It would seemthatanidealbedshouldhavebeendescribedandrecommended
by now, sinceabout%33 of humanlifetimeis spentin bed.However,this is not the
case. There have been many researchstudies, funded by government,medical
institutions,andlargebeddingmanufacturingconcerns.Althoughsomegeneralfindings
havebeenobtained,nodefiniteconclusionshavebeenreached".6
6 Raschko8.8., "Housing Interiorsfor theDisabledandElderly," (Van NostrandReinhold,New York).
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Even thoughthe "ideal bed" has still not been defined,severalpertinent
observationsandrecommendationshavebeenmadeasfollows:
1. Mattressunderlaymentshouldbe firm,withoutsag.Examplesof goodunderlayment
are;plywoodpanels,opencoil springswith littlesideplay,andpocketcoil springs.
Flat springsarerejectedbecauseof sagthatresultswithprolongeduse.
2. Mattressrecommendationsrangefrommediumto firm,althoughonestudyshowed
little differencein qualityof sleepbetweena firm mattressanda featherbed.The
reasonsfor theadvocacyof arelativelyfirmmattressareasfollows:
a. Motility in bed (i.e. ability to changepositions)is importantin order to
relievepressurepointson thebody,to relaxdifferentsetsof muscles,andto
shiftweighton thedifferentsetsof musclesandon differentorgansin the
body.Too muchcompressionor sagof themattresswill resultin entrapment
andmakeshiftingtoodifficult.
b. An oversoftmattresswill not give sufficientsupportandwill not hold the
body in good alignment,but will place too much strainon the vertebral
columnandinternalorgans,particularlyif oneis lyingin asupineposition.
c. It is ordinarilymaintainedthata firm mattressis necessaryto avoidhallows,
saggingandformationof hard lumpsor "pockets".Orthopedistsfor years
haveadvocatedfirm mattressesfor theirpatientswho sufferedfrom back
problemsandjoint ailmentssuchasarthritisandbursitis,chieflyto facilitate
motility.Lackof motilityincreasesdiscomfortandpain.
d. Thenarrowwidthof a twin-sizemattressallowstheuserto grip theedgeof
themattressfor leverage,to assistin turningoverin bed.
3. Otherformsof mattresseseemto contradictthe generalattitudetowardthe firm
mattress,chief amongthembeing thewaterbedandtheair-fluidizedbed.Both of
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these bedsconformto theshapeof thehumanbodyandarecompressedaccording
tothe weightplacedonthem.
Figure25: Zero-PressureAir-Fluidized bedmattress.(PegasusAirwave Ltd.,1997)
The air-fluidized bed has been particularly beneficial for patientswith
paraplegia,quadriplegia,decubitusulcers,burns,hip fractures,andspinalinjuries,and
for healthyhumanbeings.Waterbedsareusuallyconsideredunsatisfactorybecauseof
poor ventilation,hygieneand support.There also are hyperbaricand double air
mattresses,designedto changesupportpointsfor patientswho areunableto move
themselves,andthustodecreasedevelopmentof decubitusulcers.
4. The elderlyarenot a homogeneousgroup,so theirlikes anddislikesin relationto
bedsandsleepingwill probablybeasbroadasthoseof anotheragegroupwill. The
chiefdifferencewill betheirgreaterpropensityto achesandpains,whichhavebeen
individually collectedover a lifetime.Thus, mattressselectionwill be a highly
individualundertaking.Whetherthechoiceis a soft,mediumor firm mattress,the
under-springingshouldbefirm andnotallowsagging.
5. The requirementsof the disabledwill vary accordingto the disability.The large
majoritywill chooseabed,again,onanindividualbasis.For thosewhohavesevere
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motilityproblems,suchas paraplegicsandquadriplegics,or who must spendan
extendedtimein bed,specialprovisionsmustbemade.Decubitusulcershavebeen
known to developin a matterof hoursin c~sesin which the individualswere
motionless.Sinceit maybeimpracticaltohavesomeonecomein periodicallytohelp
the disabledpersonchangepositionin bed,he/sheneedsa bed thatwill help to
facilitatethischange.
a. The Gatchspringbedor variationsof it allow raisingandloweringof the
head,knees,or feet.This bedcanbe operatedelectrically.Many disabled
personshavethisbedand find it to be valuableassistance.It hasalsobeen
suggestedthatanadditionalassetwouldbe a mechanismthatwould incline
theentiremattressasmuchas5°.
b. Many disableddonotlike a hospitalbedbecauseof its institutionalook and
go to greatlengthsto disguiseit. However,therearepositionalbedson the
markethatareveryacceptablein appearance.
c. For thosewith fair to good upperarm and shoulderstrength,shifting or
movementin bed can be accomplishedif the headboardcan be used for
leverage.Verticalmemberssuch as rods or spindles,incorporatedin the
designof theheadboard,canbe usedto assista personin turningover.A
trapeze,eitherattachedto theheadboardor boltedinto theceiling,canalso
help materially.(Ceiling attachmentshould be avoided, since it must
withstanda pull of 300 lb. musthavespecialreinforcementsplacedin the
ceiling,and,onceinstalled,preventsmovingthebedto anewposition.)
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Figure26:A trapezeattachedtotheheadboard.(BruggeInternationalHospital,1997)
d. Ventilationand a high degreeof conformityplay a largerole in comfort
while sleeping.To assistthis,manydisabledhavebeenusingsheepskinasa
mattressoverlayment.The fleeceof thesheepskinservesasa softconforming
supportfor thebody.In addition,thereis improvedventilationaswell as a
decreasein perspirationbuild up becauseof the high moisture-absorption
propertiesof the fleeceof the sheepskin.Mattresspadsthatallow for air
circulationanddissipationof moistureminimizebedsoresandskin abrasion;
theyareavailablefromsuppliers.
e. Therearesophisticatedsystemsforbedsthatallowapersonto lie motionless
while the mattressor underlaymentmaterialsundergochangesin orderto
simulatepositionchanges.Thesesystemsincludethedoubleair mattressand
thehyperbaric(aircushion)andair-fluidizedmattresses.
2.3.2.2.AmbientCharacteristics
Soundandnoisein generalshouldnotbeobtrusiveto thesleeper.This doesnot
meanthatthereshouldbe absolutesilence.Thereis a multiplicityof soundsaroundus
thatonly occasionallywill riseto a levelatwhichwe areconsciousof them.Similarly,
while we aresleeping,customarysoundsarenot obtrusiveandcan evenassistsleep
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(e.g.a breezerustlingtreeleaves).Unexpectedsoundscanbe obtrusive,suchas the
soundsof a loudpartynextdoor.
For this reason,bedroomsshouldbe locatedso that intrusivenOIsesare
minimized.Bedroomlocationmayoftenbedifficult,froma standpointof outsidenoise,
butit shouldatleastbeunderstoodandevaluatedwhenselectingalivingunit.
Temperaturecontrolin thebedroomshouldbeapositivefactor;thatis, it should
be possibleto raisethe temperaturein thebedroomwithoutheatingthe entireliving
unit. This can usually be effectedwith an individual baseboardheaterthat is
thermostaticallycontrolled.
Cooling and ventilationare usuallyaccomplishedby openinga window. In
warmerclimates,awindowairconditionermaybedesirable.(Note:Thebedshouldnot
beplacedin adraft.)
The elderlyanddisabledmaygenerallyrequirea warmerbedroomtemperature
becauseof severalfactors,includingpoorerbloodcirculation.It shouldtherefore,be
possibletoraisethetemperatureto22°C.
Light in thebedroomtakestwo forms;generallightingand arealighting.A
centralceiling fixturewith a diffuser shadeoften suppliesgenerallighting in the
bedroom.Area lightingis usuallysuppliedfor readingin bed,occasionallyata dressing
table.A bedlight,in thecaseof two sleepers,shouldbehighlydirectionalandshould
not be overly intense;in orderto cut downon reflectedlight thatmight disturbthe
personwho is notusingit. If only onepersonusesthebedroom,morelight shouldbe
usedin orderto eliminatesharplightanddarkareasin theroom.A bedsidelampor a
valancelightabovetheheadboardwill generallybesatisfactory.
A smallcontinuous-burningnightlight,whichis pluggeddirectlyintoanoutlet,
is oftenadvocatedasanaidwhengettingoutof bedin thedark,for instance,to go to
thebathroom.For thosewithdiminishedvision,a disadvantagemaybethatin-the-plug
night light is usuallyin thewronglocationanddoesnotgivesufficientlight to guide
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themto theirobjective.Equallyeffectiveis anilluminatedlightswitchby thebedroom
door(i.e.,aswitchwitha smalllightthatbumswhentheswitchis in the"off' position).
It actsasabeaconto whicha personis guided,evenfor thosewith diminishedvision.
The requirementsfor thisarrangementmightbeas ;thelightswitchshouldbevisible
fromthebed;andthereshouldbeno obstaclesthatmightcauseaccidentsbetweenthe
bedandthe light switch.One big advantageis thatthe illuminatedswitchis not so
obtrusivethatit will interferewithsleep.
2.3.2.3.PatientRooms
Thedesignof theacutecarepatientroomis importantbecauseformanyit's the
only roomtheyseeduringtheirperiodof hospitalization.The roommustbe designed
forprivacy,comfortandeasyinterfacewithbothvisitorsandcaregivers.To makethis
environmentenhancehealing,thepatientshouldhaveviewsof nature(fromthebed),be
ableto controllightinglevels,havecontrolover roomtemperatureandprivacy,not
haveto suffernoise of cartsor conversationin corridorsand be surroundedby a
moderatelystimulatingpaletteof colorsandtexture.
Figure27:Patientroom,daytimeandatnight.(Archiscope,1999)
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2.3.2.3.1.Privacy andIsolation
Many issuesbeyondenvironmentalonescausestressfor hospitalizedpatients.
Table representstheresultsof a surveyindicatingthechiefcausesof stressfor both
medicalandsurgicalpatients.
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Figure28:Patientroom(Archiscope,1999)
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Factor
Unfamiliarity
of surroundings
Loss of
independence
Seperation from
spouse
Stress Scale Events
Having strangers sleep in the same room with you
Having to sleep in a strange bed
Having strange machines around
Being awakened in the night by the nurse
Being aware of unusual smells around you
Being in a room that is too cold or too hot
Having to eat cold or tasteless food
Being cared for by an unfamiliar doctor
Having to eat at different times than you usually
Having to wear a hospital gown
Having to be assisted with bathing
Not being able to get newspapers, radio or TV when
you want them
Having a roommate who has too many visitors
Having to stay in bed or the same room all day
Having to be assisted with a bedpan
Not having your call light answered
Being fed through tubes
Thinking you may loose your sight
Worrying about your spouse being away from you
Missing your spouse
Assigned
Rank
01
03
05
06
11
16
21
23
08
09
10
13
35
39
49
20
38
Mean
Rank
Score
13,9
15,9
16,8
16,9
19,4
21,7
23,2
23,4
15,4
16.0
17.0
17,7
18,1
19,1
21,5
27,3
29,2
40,6
22,7
28,4
Financial problems Thinking about loosing income because of your illne~7
Not having enough insurance to pay for 36
25,9
27,4
roommate who is seriously ill or cannotIsolation from
other people
Having a
with you
Having a roommate who is unfriendly
Not having friends visit you
Not being able to call family or friends on
Having the staff being too much of a hurry
Thinking you might lose your hearing
the
talk
12
14
15
phon22
26
45
21,2
21,6
21,7
23,3
24,5
34,5
Lack of information Thnking you might have pain because of surgery or
test proceedures 19
Not knowing when to expect things will be done to yd25
Having nurses or doctors talk too fast or use words
you can't understand 29
Not having your questions answered by the staff 37
Not knowing the results or reasons for your treatmem1
Not knowing for sure what illness you have 43
Not being told what your diagnosis is 44
22,4
24,2
26,4
27,6
31,9
.34.0
34,1
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Threat of
severe illness
Thinking your appearance might be changed after
your hospitalization 17
Beinrng put in the hospital because of an accident 24
Knowing you have to have an operation 32
Having a sudden hospitalization you weren't planning to 34
Knowing you have a serious illness 46
Thinking you might lose a kidney or some other organ 47
Thinking you might have cancer 48
22,1
26,9
26,9
27,2
34,6
35,6
39,2
Seperation from Being in the hospital during holidays or special family
family occasions 18 22,3
Not having family visit you 31 26,5
Being hospitalized faraway from horne 33 27,1
Problems with Having medications cause you discomfort
medications Feeling you are getting dependent on medications
Not getting relief from pain medications
Not getting pain medication when you need it
Table4: HospitalStressFactors,(Raschko,B.B.)
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30
40
42
26.0
26,4
31,2
32,4
As lack of privacyusuallyrateshigh as a sourceof stress,hospitalshavebeen
addressingit by providinga largenumberof privaterooms.A studyattheUniversityof
MichiganHospitalsfoundthatevenif costwerenoobject,45percentof patientswould
choosea privateroom,48 percentwould choosea semiprivateroom, and 7 percent
wouldprefera multiplebedroom.Many peopleseemto preferhavingsomeoneto talk
to.
With respectovisualprivacy,theessentialpointis alwaysthetradeoff between
thepatientbeing ableto seeinto the corridorandyet not be seenby passerby.An
interiorwindow providesan opportunityto people-watchandallowsnursingstaff to
monitorthepatientwithouthavingto walk into theroom.The window musthavea
curtaintoprovideprivacywhenneededor elseuseglassthatturnopaquewithaclick of
a switchthatis controlledatthepatientsbedside.
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2.3.2.3.2.Layout of theRoom
Bedsplacedtoeto toeon oppositeheadwallsgivebothpatientsequalwindow
accessandmakemaneuveringequipmenteasier.But in thisconditionmaybeforcedto
stareeachotherunlesstheypull theprivacycurtain.
Bedsplacedsideby sidedo notaffordequalaccessto window, andvisitorsto
thewindowbedareforcedto intrudeupontheprivacyof anotherpatient.
Newerapproachesto thedesignof semiprivatepatientroomsincludetrapezoid
or diamond-shapedroomsthatallowbedstobepositionedat90°tooneanother.
THE CARE ROOM
Figure29:The careroom,(SOTERA projectcatalogue,1997)
For thedisabled,particularlythosein wheelchairs,extraspaceis neededfor
maneuvering.Theroomsizesonlyslightlyexceedminimumstandards,yetthereis still
adequatespaceforelderlyandwheelchairequirements.
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Figure30:The accessoriesfor thedisabledin thecareroom,(SOTERA projectcatalogue,1997)
Bedheightsfortheelderlyshouldbethesameastheirsittingheights,about40.6
or43.2em.,astheyoftensitonthesideof thebed.The elderlyshouldnothavetoo low
a bed,in orderto facilitatebedmaking.An overlyhigh bedmakesgettinginto it too
difficultandincreasesanxietyaboutfallsandpossibleinjury.
The disabledneeda higherbedif theyarewheelchairusers;generallyit should
beabout48.3em.High. The topof themattresshouldbenearthesameheightasthe
wheelchairseatto aid in transfer.They alsoneeda bedthatis verysolid to simplify
transfers.Bothheadboardandfootboardshouldbeeasyto grip andsmooth,astheyare
oftenusedfor supportwhenwalking, toassistin rising,andin orientationatnight.
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The heightfor thebedsidetableis about5.1 to 7.6em.above,or at thesame
level as themattressheight,neverlower.At this levelorientationis simplified,and
objectscanbequicklyfoundin thedark.
".
Figure31:The bedandthetoiletin thecareroom,(SOTERA projectcatalogue,1997)
2.3.2.3.3.Amenities
Aestheticamenitiesthatmaketheroomlook lessclinicalarea plasticlaminate,
oak-trimmedheadwallpermanentlyfixturedto thewall anda coverfor medicalgas
outlets.Oftenthemedicalgascoverconsistsof a framedpieceof artwork.Storageof
patients'belongingsis important,alongwith shelvesfor plantsand gifts. A private
roommightincludeadesk,smalldiningtableanda loungechair.
"Althoughpatientcomfortis veryimportant,it mayconflictwith circulationof
suppliesandservicesto thepatient.The sameis truefor visitoraccess.The needfor
quick staff accessto patients(generallythepatient'sright side for examinationand
treatment)takespriorityoverthepatient'sneedfor controlandprivacy.In a medical
emergency,peopleandequipmentmusthaveeasyaccesstothepatient'shead".?
7 Malkin 1.,"HospitalInteriorArchitecture-CreatingHealingEnvironmentsfor SpecialPatientPopulations,"
(Van NostrandReinhold,New York, 1992).
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2.3.2.3.4.MechanicalSystems
Mechanicalsystemsin thebedroomcanbeverysimple,for thosewho havefew
needs,or theycanbe very sophisticatedfor thosewho havea multiplicityof needs.
Becausetheelderlymayoftenoverlapwith thedisabledtotheextenthatsomeelderly
personsshouldbelistedasdisabledratherthanelderly,wewill considerseparatelythe
able-bodiedandthedisabled.
Elderly personsshouldbe ableto controlseveralsystemswithin thebedroom.
Theseswould includelights, temperature,audiovisualsystems(e.g. television),and
ventilation.Thepresentstateof theartis suchthatsomeof thesesystemsarecontrolled
beforeonegoesto bed,suchassettinga thermostatoneithera heatercontrolor an air
conditioner,andopeningor closinga window.Theothercontrolsarehandledby a TV
remotecontrolandby lightswitcheson lampsby thebed.Controlsfor a stereosystem
can also be locatedby thebed or installedin the headboardof the bed. A bedside
telephoneis anecessity.
An importantmechanicalsystemis anadequatefire alarmsystem.Whetherthe
occupantsareable-bodiedor disabled,a smokealarmis required.When one or more
smokealarmsin theunit arerecommended,theprimaryplacementis at or nearthe
sleepingareaof theliving unit.The underlyingreasonis thefrequencyof loss of life
when fire occursat nightwheneveryoneis asleep.An earlywarningwill assistin
alertingsleepersto thefactthatanemergencyexistsandwill bringaboutmuchearlier
restorativemeasures(i.e.vacatingtheunit,callingthefiredepartment,andspreadinga
generalalarm).
The deaf/blindmustbe individuallyconsideredhere.Since smokealarmsare
usuallybattery-controlledandreactto a fire situationby emittinga loudalarm,thedeaf
may not respond.A secondarysystemshould be installedthat will react to fire
emergency,eitherwith a brightflashinglight or with a vibratorbuilt into thebedthat
will alertthepersontothepresenceof theemergency.
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Thedisabledmayrequireamuchmoresophisticatedmechanicalcontrolsystem,
dependentuponthedegreeof disability.sincetheirmobilitymaybe severelylimited,
thesebedsidecontrolsshouldbeavailable;
1. A lowvoltagecontrolsystemthatwill turnoff oronall lightsin thelivingunit.
2. An alarmsystemor intercomsystemin caseof needor emergency,thatwill
automaticallyunlock the entrydoor. If the door is not electricallycontrolled,
monitoringpersonnelshouldhaveakeytoprovideentryintothelivingunit.
3. Remotecontrolof television,radioandstereosystems.
4. Bedsidecontrolof ambientemperature.
5. Video and/oraudioconnectionto the frontdoor in caseof visitors.A bedside
telephoneis anecessity.
6. Specialbed controlsto assistin changingposition(maybe Gatchspringtype,
doubleairmattress,hyperbaricbed,etc.).
7. Outletsandcontrolsfor electricallypoweredaids(e.g.warmingpads,respirators,
etc.)
Many of thesecontrolscanbe placedon oneconsoledboards.Some,suchas
televisionandstereocontrols,maybeembodiedin separatesystems.A headboardwith
built-incompartmentsor shelvescouldbevaluable,for thisreason.
"The needsof the disabledoftengo beyondrecourseto mechanicalsystems.
Self-helpoftendictatesa prearrangementof medicines,liquidsand otherequipment
(e.g.a containerin whichto emptyaurinebag).For thisreason,adequatetableor shelf
spaceis needed".6
6 RaschkoB.B., "HousingInteriorsfor theDisabledandElderly,"(VanNostrandReinhold,New York).
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3.FUNCTION of a DESIGNED PRODUCT
In designengineeringdescriptionsomecommonkeywordssuchastechnology,
science,functionality,mechanism,planning,efficiency,capability,cost are always
mentioned."Usingscientificprinciples,technicaldataandimaginationin descriptionof
a mechanicalstructure,machineor systemwhichaccomplishpre-setfunctionswith the
highestefficiencyand economy"is a typicalportraitof design engineering.The
descriptionof designerformulatedbyICSID (InternationalCouncilof IndustrialDesign
Societies)as "... responsibilitiesof a designerextendfromtheoriginaldescriptionof
product'sfunctionto formalcharacteristicsof its details.Theseresponsibilitiesalso
include the contributionof product's functional,cultural, social and economic
propertiesinto the improvementof humanenvironment".It is obviouslyseenthat
keywordsin this descriptionmatchpartiallywith the conceptsin the descriptionof
design engineering.It is natural that, words used in the descriptionof design
engineeringas mechanism,construction,material,functionality,economywhich are
directlyrelatedtoobject'sworkandphysicalexistence;arecommonaskeywordsused
in thedescriptionof adesigner.
3.1. Criteria Influencing the Design
Factorseffectingthe designof human-machineinterfaceby the approachof
industrialdesign;mustbeidenticalwith thecriteriavalidin industrialdesign.Industrial
design, in its multidisciplinarystructure,must apply various criteria gained from
differentsourcesto the designof an object.Variety of effectivecriteria can be
understandfromthedescriptionof designerabove.In thisdescription,it is determined
thatin designingof anobjectthedesignermustinvolvebothwith its material,structure,
mechanism,form,colour,patternandwith its contributiontotheliving environmentin
themeaningof itsfunction,cultural,socialandeconomicvalues.
More systematiclassificationof thesecriteriaeffectingthedesignprocess,can
be morehelpfulbecauseof orderliness.Thesedesigncriteriawereclassifiedinto four
titlesincludingtwelvesub-titles:
1. FunctionalCriteria
a. Physiologicalcriteria
b. Physicalenvironmentcriteria
c. Communicationalcriteria
2.PsychologicalCriteria
a. Perceptivecriteria
b. Socio-culturalcriteria
c. Emotionalqualities
d. Expressioncriteria
3.TechnologicalCriteria
a. Materialcriteria
b. Manufacturingcriteria
4. EconomicalCriteria
a. Consumercriteria
b. Manufacturercriteria
c. Macro levelcriteria
3.1.1.Functional Criteria
Every objectexistsas a resultof a physicalrequirement.Main functionis to
meetthatnecessity.Criteriawhich tendto optimisethisprocessarecalledfunctional
criteria. Functional criteria is examinedunder threesub-criteriaas physiological,
environmentaland communicationalcriteria. A designedobjects function should
expressitsprecisiontohumanphysiology,environmentandthemessagegiven.
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3.1.1.1.PhysiologicalCriteria
Humanbodyhascertainphysicalproperties.Everyobjectdevelopedfor human
use;undersomecircumstances,mustinteractwith certainpartsof thatbody. This
interactionmaybe eithera one-to-onephysicalrelationor a visual,auditorycontact.
During this interaction;compatibilityof the objects'physicalbeingto thehuman's
physicalexistence,is realisedalongphysiologicalcriteria.Humanbodyhasa complex
structure.In this context,interactionof manwith an objectcomestrueaccordingto
some ergonomicpreferences.So physiologicalcriteria are usually formulatedby
ergonomicaldata.
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Figure32:The completehospitalbeddesignansweringtheneedsof physiologicalcriteria.
3.1.1.2.EnvironmentalCriteria
Objectsmust be in relationwith each other and other elementsinside the
environment.Suitability of points that establishthis relationshipis obtainedby
environmentalcriteria.Joints, legs,hangingdetailsareresultsof thesecriteria.Motion
ability of an acrobatlampor a hospitalbed is becauseof its necessityto fit suitable
placesandpositionsin theirsurroundings.
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3.1.1.3.CommunicationalCriteria
Thesecriteriaaim theeffectiverepresentationof objectitself to theuser.The
informationthatis givencouldbe evenfor theutility andits basicstructure.In this
manner, communicationalcriteria can be classified in two; functional and
communicational.
Functionalcommunicationis theactof realisingtheobject'sutilityby directly
looking at it, in otherwords;expressingits functionby its vision.Objectmustinform
aboutits functionalityby thewholeformorby itsdetails.In thisphenomenon,designer
is assistedby naturaltendencies,usualpredeterminingof humanandby semiologic
symbols. Certain forms of objectsremindus certainfunctionsbecauseof natural
tendencies.Circularformsremindusarotatingmotion.
Rough surfacesremind touching.Convex forms are perceivedas bowl. Using
semiologicsymbolsgenerallyhelpsin complexfunctions,suchas colourcodes.The
importantthingis reading,perceiving,gettingthemeaning,usingandrecognisingthe
symbolby theuserclearly,especiallyin diagramsandpictograms.So thattheuserwill
gettheobject'sfunction.
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Figure33:Thedesignedobjectshouldexpressits functionby itsvision.
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"Conceptualcommunicationis involvedin theimageof form-functionrelation
on humanmind. Every object,which was developedfor a certainfunction,reaches
towardsa formalunity.Formalconceptappearsonhumanmindasan imageof object
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itself and form-functionrelation".!New designsfor that object usually occur as
variationsinsidethisformalunity.
3.1.2.PsychologicalCriteria
Every individual observeshis environmentor the products within the
environment,andevaluatespsychologically;butatthesametimeit is alsotheattitude
of the designerhimself.The needscausedby even the perceptionperiod before
evaluatingandbythestateof evaluating,describethepsychologicalcriteria.
3.1.2.1.PerceptualCriteria
Physicalandformalpropertiesof anobjectdeterminehow it is perceivedand
evaluated.Perceptualcriteriahaveto fulfil thefunctionof clearperceptionof anobject
in understandingorevaluatingprocess.
3.1.2.2.Socio-culturalCriteria
Each societycreatesomenormsand valuesystemsin order to control and
evaluatethe attitudesof theindividuals.Being an acceptablememberof the society
dependsontheadaptationtothesenorms.Socialsafetyfeelingof theindividualoccurs
with a belief thathe was acceptedby thesociety;while choosingthe objectsaround
him, thinks abouttherateof thatsocialsafetywhich he would gain by owningthe
object.Therefore;designshouldtakeinto considerationof the object's formal and
functionalpropertiesthatareavailablefor society'svaluesystem.Thoughthisis a little
bit conservativeapproach.Discussionor critics aboutsomeculturalnorms for the
designerbyhisproductis alwayspossible.
AestheticalcriteriaornormsalsohavetobeconsideredinsidetheSocio-cultural
criteriabecauseof theirdiversityby timeandbysociety.
I AsatekinM., "Endi.istriTasanmmdaOri.inKullanlci ili~kileri,"(Publicationof METU Facultyof Architecture,
Ankara, 1997)
3.1.2.3.Emotional Criteria
There is also an emotionalevaluationprocesswhile criticising an object.
Basicallyit canbe definedas like anddislike,but indeedthemorecorrectdefinition
wouldbeto equatetheuserhimselfwiththeobject.In eachmediaandenvironmentthat
objectcommunicatedwith theuser(visual,tactual,auditory,olfactory,kinestheticetc.)
thereareconsciousandsubconsciousvaluesthattheusercollectsasknowledgein his
mind duringhis life. As a resultof thesecriteria,individualcommunicateswith the
objector not.As thevaluesthatrecognisedareverypersonalandin generalthesecan
notbeexplainedreasonably,theuserevaluatesthememotionally.As it is verydifficult
to generalisetheemotionalproperties;it is hardto makean absolutecritics.But this
doesnot meanthatwe don't haveto considerit. The designer,who will ignorethe
feelingsin theobjectthathedesigned,will facethisresponsibilityatlast.
3.1.2.4.Expressional Criteria
Forming of an objectoccursin the frameof a seriesof objectivenessthata
designerdetermines.Although there are numerouspossibilitiesto statescientific
objectivesandcriteriato havea healthyandrightobject;therearevariousideasand
messagesbesidesthesethatthedesignerwantto expressto theuser by thehelpof the
designedproduct.
Figure34:The roundedsiderailsgivesthebeda sympatheticandshelteringlook; andalsoprotects
theuserfrompossiblehazards.
This kindof communicationis mainlytheaimof finearts.But whentheproduct
startsto involvesomefunctionalpropertieslike in architectureandindustrialdesign,
aestheticalapproach(speech)is beganto be pressurisedby the functionalpurpose.It
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dependson thedesigner'scapabilityto maketheobjectservebothfor thepurposeof
functionandfor theexpressionatthesametime.Physicalelementsof theobjectmust
bechosenin a way thattheywill indicateamessagebest.This canbedescribedasthe
object'slanguage.With theobjectlanguage,a designerproposesa kind of a certain
socialattitudeto theuser.So theconsumerof thisproductperceivesandacceptsthese
proposals.
Expressionalcriteriaappearin twolevels.Designmadefor everysingleobject,
IS the result of designer's creativeworks and it must satisfy the designer
psychologically.Thatexistswhenthedesignerbelievesthathecouldexpresshimselfto
theuserby theobject.
1. The freedomshouldbeprovided,butthelimitsareimportant.
2. Expressionalpropertiesmustbearrangedin balance.
However,while doingthisthedesignerhastobecareful,hemustnotignorethe
user'spsychologicalandphysiologicalcomfortfor thesakeof his own psychological
safety.
3.1.3.TechnologicalCriteria
Every object is manufacturedwithin a technologicalprocess. Physical
requirementsof thisprocess,arevalidparametersin producingthedesiredform.These
requirementsaretechnologicalcriteria.
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3.1.3.1.Materials
Thesecriteriamustbeconsideredin directandindirectway. It is requiredthat
the materialusedmustbe appropriateto producethe demandedform (criteria for
choosingthematerial)or designedformmustbeabletobeproducedfromtheselected
material(criteriafor formingthematerial).Becausetheselectionof materialis notonly
a result of formal propertiesbut also a result of function and usageconditions.
Therefore;materialcriteriamustbetakenintoaccountin threesubtitles:
1. Suitabilityof selectedmaterialtothefunctionandusageconditions.
2. Suitabilityof selectedmaterialtotheform.
3. Suitabilityof form/methodcompoundtomanufacturingmethod.
• £~
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Figure35:The detachablefootboardandheadboard,trolleycover,andsiderailsaremadeof
vacuumformedpolystyrenenottoconsistanybacteriaandto beeasilycleaned.
3.1.4.EconomicalCriteria
Both manufactureprocessandusagestageof productsis developedin a certain
economicenvironment.Limitationsexistedin thephenomenonof fulfilmentof needs
by theproducedobject;areeconomicalcriteria.
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3.1.4.1.ConsumerLevel
The fact of manufacturinga productis to satisfycertainneedsof consumers.
Consumeracceptsthissatisfactionby owningthisproduct.Thisvalueexchangemustbe
in optimal level for the consumer.In otherwords,consumermust find the nominal
valueof his moneyin theobjecthebought.Costandpriceanalysisof a manufactured
objectis a complexfact.In thiscase,theresponsibilityof designeris tohelptheobject
whichhedesignedtoreachtheconsumerascheaperaspossible.
3.1.4.2.Manufacturer Level
Manufacturerhas certainpossibilitiessuchas productionmethods,marketing
strategies,manpowerandtime;andcertainobjectivessuchasmaximisationof profit.
Truemanufacturingof theobjectdependsonthedesigner'sexistencein thesestatesand
notmisunderstandingtheseobjectives.
3.1.4.3.Macro-economicLevel
According to massproductionconcept,everydesignedobjectis producedin
thousands.Behindthesesuddenlyappearedthousandsof consumerproducts,therearea
huge amountof raw material,manpower,energy,naturalresourcesetc. Mistakes
appearedin designconsiderationswill causeall of theseresourcesto be wasted.So;
designingtherightobjects,is veryimportantnotonlyforbringingtherightiousproduct
to theconsumerbut also usingtheresourcesof all mankindregularly.But themain
criteriaarethetendencyof designerto produceobjectsin moreefficientandpositive
wayof usageof resourcesmentionedbefore.
3.2.Industrial DesignApproach to Product-UserInteraction
It is obvious that there are differencesbetweenergonomICapproachand
industrialdesignapproachtowardsthehuman-machineinterface.It will be helpful to
determinetwo points in the formulationof industrialdesign approach:A widely
spreadedfunctionality,as a combinationof physicaland emotionalfunctionsand a
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combinationof measurementsin anergonomicmanner.So, industrialdesignapproach
will beconsideredaccordingtothefactorsbelow:
1. Physicalfunctionalityfactor
a. Physiologicalfactors.
b. Communicationalfactors.
2. Emotionalfunctionalityfactor
a. Psychologicalfactors
b. Socio-economicfactors
c. Expressionalfactors
3.2.1.PhysicalFunctionalityFactor
Physical functionalityis relatedto theprimaryfactof a product'sexistence.
Everyproductis manufacturedin ordertofulfil acertainneed.
_____ Design _
Need Product------ F . ------unctIOn
Figure36:Needs-productscycle.
Todaythis cyclecontinuesto answerthemorecomplicatedneedsof a life that
growsrapidlyandcomplex.Thatcomplexityin identificationof theneeds,affectsthe
designprogress.Functionalitycan be investigatedin two questionsaccordingto its
relationwiththeuser.
1. Doesit work? (Doesit satisfytheneed?)
2. Is it easytouse?(Doesit setupagoodrelationwiththeuser?)
It can be observedthat;a regularlydesignedproductthat can answerthese
questions,wasenoughforbothphysiologicalandcommunicationalcriteria.
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3.2.1.1.PhysiologicalFactors
Physiologicalinterface,in thesamemanner,is identicalto thehuman-machine
interface.It containsall thephysiologicrelationsof humanbodywith thepartsof a
machine.The harmonyof dimensionalpropertiesis focusedon motorandcognitive
skillsof humanbodywiththepartsof amachineunit.
3.2.1.2.CommunicationalFactors
Communicationalinterfaceconsistsof conceptionaland functionalmessages
(signs)in themannerof measuresbetweenmachineanduser.Semioticsis involvedthe
communicationalmechanismof humanin the formationof indexes,creatingsyntax
withthemandcommunicatingby thehelpof thissyntax.
In everycommunicationcase;theremustbea sender,a receiveranda message.
And also;syntaxof componentsthatformsthismessageandthescriptrelatedto this
mustbeknownby bothsenderandreceiver.Thecodeincludesthemeaningsof indexes
andordersfromwhichsyntaxis created.Every indexor displayhastwo elements.Its
formandcontent.Theserelationscanbeshownin a figurebelow.
(form) (function)
Figure37:Semioticsapproachto form, function,objectrelation.
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A bedcanbeexaminedin themannerof thisrelation.
In thecommunicationalinterface,it is obviousthatconceptualcommunication
developsatthelevelof denotation.In thisprocess,an existenceof a socialencoding
mustnotbe ignored.Because,formof theproductsendsa messageto its functionby
thehelp of thesecodes.In otherwords,by thehelpof accustomedexpectationsand
familiarities.This typeoffunctionalmeaningcanbecalledasdenotativemeaning.
In anothercasedifferentdesigns,andformsmayimplementhesamefunction.
This type of stylisticmeaningcan be called as connotativemeaning.Connotative
meaningsresultfromthefactthateverydesignproblemcanbesolvedin manydifferent
ways.Theresultmaybesociallyfunctionalin thatthisvarietypreventsuniformity.On
the other hand, the variety of solutionsto the sameproblemcan be used in a
disfunctionalway,as is thecasewhereunnecessarydistinctionsbetweensocialclasses
arefosteredby differentkindsof designsforobjects.
While theindex(form)of a productis determined;certainvisualcombinations
thatcreatesthe indexmustbe as effectivecompoundsof designedobject.Only by
givingmeaningstothesecompounds,theuserreachestheproduct'sfunctionalconcept.
Figure38:The formof thehospitalbed,anditscompoundsgivecluesaboutits functionalconcept.
In the figureabove,themattressexplainsthe layingfunctionbut thebending
chamferson it showsthatit canbe foldable.Thesiderailshaveroundedform.This form
gives the usera warmhuggingfeeling,besidestheprotectionfrompossiblehazards
suchasfalling down.The trolleycoverhidesthemechanicalpartsandmotors,so that
theuserdoesn'tthinkit is amachine.
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The castersare big, theygive an impressionof dynamismand not to be stuck in
obstacles.Theblowcontrolunitis optionalfortheparalyticpatientswhommaycontrol
thepositionsof thebedbyonlyblowing.
Anotherfactorthatimpressesthedesigneris the relationbetweencodesand
social or technologicaldynamics.In thedevelopmentprogressof technology;some
elements,which describethe sendersof most of the objects,may be changed,
disappeared,ornewelementsmayexist.
The principles of functionalcommunicationprocesscan be examinedin
semiotics.But in this casetheimportanthing is; the transferof dataabouthow an
objectis used,not its function.Thereforegivingmeaningsto somecomponentsof the
objectbecomesmoreimportantratherthantheobjectitself.
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4. CASE STUDY
In this chapter,evolutionof bedwill be examinedbecause,the hospitalsbed
comesfroma longevolutionarystageof classicbeds.Typesof hospitalbeds,thetypeof
designedbed,itstargetmarketdeterminationandtheproductionstagesof a hospitalbed
will alsobewritteninorderto concludetheknowledgegivenin formerchapters.
4.1.Evolutionof bed
In themostprimitivestagesof culture,theneedfor somethingto separatemen
fromthegroundledto theuseof bedsof matting,animalskinsor dryvegetationsuchas
mossor heather.In warmerclimatesthemat-bedremainedtheonlytypeusedin farmore
advancedstagesof culture,as with theAztecs;andthis is also trueof somemodern
societiesuchastheJapanese.
Figure39:Egypt.Bed ofMeryt. Kha's wife, 8th dynasty,(METU,1999)
In colderclimates,however,theneedfor moreadequatesupportandprotection
led,bytheNeolithicperiod,to theconstructionof bedsin woodor stone.Wherewood
wasused,remainsareclearlyveryfew;butwherestonewasused,as in theNeolithic
dwellingsin SkaraBraeinOrkney,a fairreconstructionwaspossible.
Figure40:Egypt.Plain bedwith linencoverings.11thdynasty,(METU,1999)
Thebedstherewereframedbystoneslabs,whichhadapparentlyoncecontained
a mattressof heather;andstonepostsatthecomerssuggesthepossibilityof a canopy
for extrawarmth.Structures imilarto thesemusthavebeenmadein wood for other
Neolithicpeople.By the EuropeanBronze Age carpentrywas certainlysufficiently
advancedto provideefficientwoodenbedsteads.
Figure41:Egypt.Headrests.18thdynasty,(METU,1999)
In Egyptfarmorecomplicatedwoodenbedswerebeingmadeat leastbythe4th
Dynasty;andowingto thedry sandsandclimate,a gooddealof woodworkhasbeen
preserved.A bedin the tombof QueenHetepheres,about2690Be, was of carved
ebonyandcedar,withanoverlayof mouldedgold,andwasanexampleof skilfuljoinery.
It had a detachablefootboard,anda baseframethreadedwith thongs.Floor-beams
carriedcomer posts to supporta cornicefor curtainsand canopy;this could be
disconnectedforportability.
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Figure42:Egypt.Bed of QueenHetepheres,4th dynasty,(METU,1999)
Therewasaninlaidheadrestto thebed.OtherandlaterEgyptianbedsincludeda
typeof foldingcamp-bedin whichthelegsfoldeddownwhenthebedwas extended;
suchabedwasfoundinthetombofTutankhamon,datingfromabout1340BC
Figure43:Egypt.Bed ofTuthankamon,(METU,1999)
Some of the featuresof theseEgyptianbedswere commonto other early
cultures,in particulartheframewitha lacingof hideor cord,andthecarvingandinlay.
Luxury bedswere occasionallymadeof othermaterials.In the 9th centuryBC the
ProphetAmosmentionedivorybedsasanexampleof extremeluxury,andivorypanels
fromsuchbedsareknownfromsitesinSyria,andAssyrianpalacesuchasKhorsabad.
Figure44:So1idebonybed,with stringmeshmattress,8th dynasty,(METU, 1999)
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Fromthebedof QueenHetepheresuntilrelativelyrecenttimes,therewasmuch
variationin design,butverylittleadvancein comfortor efficiency.The Romansoften
usedsolidmetalfor theirdayandnightcouches,whichweresimilarin designto previous
Greekonesof wood,exceptfor theadditionof a back -aswellashead-andfoot rest.
Romancoucheswereoccasionallyupholstered.Theirbedsoftenhadanintervowenbase
of webbingstripsor cord,anda mattressandbolsterstuffedwith straw,wool, flax or
downaccordingto aman'smeans.
Like theGreeks,theyusedblanketsbutnot sheets.Both RomansandGreeks
developedthehabitof keepingthebedin a separateroom,thoughthisroommightbe
littlemorethanacurtainedalcove.
F·······. ',- • r. . .. - . -- --- _. __ ...
Figure45:Greekwalnutcoach(KUNI) with leatherthongs,(METU, 1999)
In post-RomanEuropemoreprimitivecustomscontinuedagain.Bedscouldbe
shallow throughsof wood, filled with moss, straw etc. Anglo-Saxonbeds were
frequentlyonly wooden bencheswith a straw palleton top. Pillows were almost
unknown.
Figure46:GermanlateGothic,bedsteadandwashcupboard,16thcentury.(METU, 1999)
For therichperson,a formof four-posterbedcameinto favourin theNorman
periodinEngland,withthepolessupportingacanopyandcurtainsto keepoutdraughts.
Linensheets,andpillowsbeganto beused.With theemergenceof themerchantclass,
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somestandardof comfortalsospreadbeyondthecircleof thearistocracy.By the 14th
centurymerchantsownedtheluxuryof two beds,withmattress,featherbedding,quilts
andcurtains.Eventhepoorercitizenscameto havesheetsandwoollenblankets,though
theygenerallylackedcurtains.Bedsthemselves,afterthe12thcentury,grewin bothsize
and elegance.By the 13thcenturytheywere oftendecoratedonceagainwith inlaid,
carvedandpaintedornament;andthecustomgrewof hanginga canopyfromtheceiling,
or fromaniron armprojectingfromthewall.In the 14thcenturythewoodworkof the
bedwasoftencoveredbyrichhangings.
Figure47:FrenchEmpire,BedsandSofus,18thcentury.(METU,I999)
Althoughthecanopywasatfirstcurtaininghungfromtheceiling,it developedby
aboutthe16thcenturyintoa woodenboardedandcornicedcanopywithcurtaining,and
it waspart of thebeditself This wasthe four-posterbed,whichbecameuniversally
fashionable.Thebed-headroseashighasthecanopy,andthefrontendof thecanopy
restedon foot-postswhichwereseparatefromthebed(whichhadits own frontfeet).
Alternativelythecanopymightbe a lighterframe,with curtainsandvalance.The base
frameof thebedhadwoodenside-railswitha networkof ropesthreadedto them;or
later,woodenslats.Underneaththebigbedtherewasoftena "truckle"bedfor servants,
pushedthereout of thewayin thedaytime.The four-posterbedbecamea hugeaffair,
generallysome7 ft. by6 ft. TheGreatBedof Warewas11ft.square,andthecurtaining
turnedit intoa roomwithina room.Therewerealso"trussing"beds,whichcouldbe
foldedfortravel.Bedswereveryvaluableitemsof furnitureinthisperiod.
In the 1ihcenturythecanopy-footwasjoinedto thebedonceagain,while in
Europethefashionturnedto bedswitha canopy,butwithcurtainingat theheadonly.
Singlebedsstartedto look morelike present-dayonesin design,as theylackedthe
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canopyor fourposts,andoftenhada lowhead-andfoot-board.In Francebedsgenerally
hadvoluminousdraperies,afashionwhichcameto Englandaftertherestorationin 1660.
Bedswereoftenveryhigh,andthewoodworkwasentirelyhiddenbyfabric.The fashion
of theday-bed,withitssixlegs,alsobeganatthistime.
By the 18thcenturybedshadbecomelessmassiveandmoreelegant.In England
woodenratherthanmaterial-coveredbedscameback into fashionwith Chippendale,
Adam,HepplewhiteandSheraton;bed-postswereoftenpaintedor gilded.Chippendale's
"Directory"showsbedsin French,ChineseandGothicstyles,andeverywheretherewas
a greatvarietyin design.In Americatherewerefour-posterbedswithoutcanopies.In
Germanythecustomof usinglargefeatherpillowsascoversinsteadof blanketsbeganin
the18thcenturyandspreadovermuchof Europe,whereit stillpersists.
Figure48:Morris bedroom,atKeimscoftManor, 19thcentury,England.(METU, 1999)
It becamethecustomin Francefor kingsto be on a "bedof justice"whenin
Parliament;andwhereverthekingstayedhereceivedambassadorsetc.in honourin his
ehambredeparade,ashe lay in bed.For a timeat theendof thecenturyfour-poster
bedswentout of fashion,buttheyreturnedin the 19thcenturyin evenmoremassive
form.
Figure49:Makintoshbed,1902,(METU, 1999)
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In theearly19thcenturytherewasafashionforcopiesof GreekandRomanbeds,
especiallyinFrance,whichledto the"Empire"style.Thisfashionalsospreadto thebeds
of RegencyinEngland.Meanwhile,however,theironbedsteadhadmadeitsappearance;
byabout1840ironandbrass-framedbedswerebeingcommerciallymanufacturedin the
Midlands,andsoonbecamepopular.Theyweregenerallymuchdeckedwith frills. At
first theywereveryheavy,and of castiron; laterweldedpartsmadelighterframes
possible.The baseswere of webbingof linenor jute bands,andthe introductionof
coiled-springupholsteryin Franceinthe18thcenturyhadbynowledto themanufacture
of thespringmattress.Fromthistimeon, therewascontinualprogressin comfortand
efficiency,especiallybydesignersuchasAmbroseHealinEngland.
Figure50:AndreaBranzi, "CenturySofa",1982.(METU,1999)
The 20th centurysawthereturnto popularityof woodenbedsin thewestern
world,thoughof muchlighterconstructionthanbefore,andoftenwithsimplelow head-
andfoot-boards.In themorerecent"divan"bedthereis generallya sprungbase,over
whicha sprungor foamrubbermattressis used.Innerspringmattressesnormallyhave
thespringssurroundedbylayersof somesoftfilling.Althoughmanycountries,especially
wherethereis a hotclimate,keeptraditionaltypesof bedding,thewesterndesignof bed
is becomingincreasinglycommon.1
Figure51:Michael Graves,post-modernistbeddesign.(METU, 1999)
1The New CaxtonEncyclopedia,1966
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AlthoughI couldn'tfind so muchclearresourcesabouttechnicalevolutionof
hospitalbeds;thetimeof theadditionof headrisefunctionwasin thetimesof World
War I, canbeobservedfromthemoviesreflectingtheseold times.It possiblethatthe
changesin designsandfunctionshadbeenstartedaftertheregionsof injuriesof war on
thebodywerebeganto berealized.
Headrisefunctioncanbeseenfromapictureof a hospitalbedwhichI thoughtit
wasnearly40yearsold.Theundersupportof mattresshouldbenoticedasa simplebut
insufficientsolution.Becauseof thefoldingof themattres,it slidesoverit.
Figure52:Old typeof bed(AlsancakOzel SaghkHastanesi,1998)
Figure53:Old typeof bed,detail.(AlsancakOzel SaghkHastanesi,1998)
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In 1961a hospitalbedof adjustableheightandanglewasdesignedto providethe
comfortof patientsandfacilitatenursing,asaprojectinRoyalCollageof Arts.
Figure54:ThehospitalbedresearchedbyRoyalCollegeof Art teamin 1961.(Heskett,J., 1993)
Today'smanufacturersproducehospitalbedsfull of necessaryfunctions,so that
bedsareableto beadjustedto desiredpositionsfor thecaretypes.Complexanddurable
materialsbeganto beusedforbothaestheticalor technologicalreasons.
4.2.Determinationof targetmarket
While a target market is designatedin Turkey, technicaland economical
situationsof nativehospitalsmustbetakenintoaccount.Statehospitalscomplainabout
lack of funds,and they don't providenecessarytechnicalhardware.Naturally,this
situationforcethemto tendto cheapequipmentby usingtheirlow amountof fundsin
more economicway. In the end, they buy the hospitalbeds from the cheapest
manufacturer.This causesthe law quality,shortlife andnot enoughwarrantyof the
boughtbeds.But in the privatehospitals,a specialimportanceis givento customer
(patient)satisfaction,becausethis is usedas an advertisementand mayincreasethe
demandfor the
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hospital.They don't havesucha problemlike limitedfunds.So, they don't
hesitateto spendmoneyto providehighestcustomersatisfaction.They shouldbuythe
bestproducttheycanwith an effectiveservicewarranty.In thesecircumstances,it is
inevitablefora hospitalto buyhospitalbedswhichareaestheticallypowerful,containing
thenecessaryfunctionson it,andpretentiousintechnicalmanner.
But eachcustomerhas their sub-customergroupsand theirneedsaffectthe
designof hospitalbedsdirectly.Thesearetheusersof theproduct.It is eithera state
hospitalor a richprivateone,themostimportantuserswho affectthedesignof hospital
bedsdirectly,arepatientandnursery.The hospitalsareconsumersof theproduct,the
patientsandnurseriesaretheusers.
As an industrialdesignapproach;hospitalbedmustbe in ergonomicintegrity
withthepatientit isdirectlyin interactioninthemannerof function.Thepersonwhowill
sharemostof his time,is thepatientwho lie on it. Anothergroupof userswho will
interactwith theproduct,is thenurseries.Thesearedoctors,nursesandservicestaff.
Sometimes,whennecessary,theseuserswill also use controlsto interferethe basic
functionsof thebed.So, thecomponentsof thehospitalbedshouldalsoaddressthese
usersergonomically.
The generalpurposehospitalbedthatwas designedat the end of this study;
seemsto be morefuturisticproductthanits equivalentsin themarket;becauseof the
functionsimplementedon it, theproposedconstructionmaterialsandcomponents,and
its formalexpression.Theproposedmaterialsto beusedin manufacturingconstruction
elements,renewalsin materialsandin designof themattress,a communicationsystem
madeupof electronichardware;putthisproductintoanexpensivecategory.As aresult,
its targetmarketbecomestheprivatehospitalswhichpreferproductswhichhavean
expensivebutfunctionalandapowerfulaestheticappeal.
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4.3.Typesof HospitalBeds
Thename"HospitalBed"canbegivento thefamilyof healthequipmentwhichis
used for care,treatment,transportand rehabilitationof the patientin a horizontal
position.Thesehavedifferentfunctionswithdesignanddetailvariationsaccordingto the
sectionsof hospitalstheyusedor themedicalconditionof patienton it, andtheyhave
differentnames.The namesandthefunctionstheyhaveaccordingto theirusage,are
shownbelow.
1)For transportand treatment;recoverytrolley,stretchertrolley,patienttreatment
trolley.
Figure55:Recoverytrolley(OxfordMedicalEquipment,1997)
Figure56:Treatmentrolley(OxfordMedicalEquipment,1997)
Figure57:Stretchertrolley(OxfordMedicalEquipment,1997)
2) For IntensiveCareUnit;ICU Beds,
Figure58:ICU Bed, (JoyceHealthcare,1997)
3) For HomeCare;HomeCareBed,
Figure59:HomecareBed, (JoyceHealthcare,1997)
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4) For ExaminationRoom;ExaminationCouch(steady),ExaminationCouch(variable
height)
Figure60:ExaminationCoach, (OxfordMedicalEquipment,1997)
5) For PatientRoomsandWards;GeneralPurposeBed,
Figure61:GeneralPurposeBed, (JoyceHealthcare,1997)
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6) For SpecialPurpose;CardiacBed,TurningBed,StandUp Bed,TurningandTilting
Bed
Figure62:CardiacBed, (Egerton,1997)
Figure63:TurningandTilting Bed, (Egerton,1997)
Figure64:TurningBed, (RehaSaghkUrUnleri, 1999)
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Figure65:StandingBed, (RehaSaghkUrilnleri, 1999)
4.4.ManufacturingProcess
As anexamplemanufacturingprocess,theonethatRehaSaghkUrtinleriLtd. ~ti.
uses,will beexamined.
Theprofilesarecutintocertaindimensionsbythesawaccordingto themodelof
thebed.In everymodeldifferentlengthsof steelprofilesareused.Theseareclassified
andstoredaccordingto models.The stripevelocity,cuttingstroke,tensionandtypeis
veryimportantin thesawfora goodqualityof cutting.
Figure66:Sawandsteelprofiles.(Reha,1999)
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Adjustedprofilesaccordingto technicaldrawingsarebroughtto drill stationto
makeholesfor thebolts.Underthedrill, pre-arrangedrill moldsareusedfor required
exactholes accordingto the models.The holes of the sub-partsin the amountof
productsordered;aredrilledin onestage.Whileusingthedrill, operatormustusehand
gloves,specialeyeglassesandmustincreasethedrillingpressurestepby step.
Figure67:Drilling theprofiles.(Reha,1999)
The drilledprofilesarebended,if necessaryaccordingto design,in theprofile
bendingmachinein desiredanglesandforms.
Figure68:Bendingprofiles.(Reha,1999)
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Profiles adjustedto desiredlength,drilledandbended;are thentakento the
grindingfor burr cleaning.Burr aroundtheprofilesor holesaregrindedin orderto
obtainacleansurfaceforpainting.
Figure69:Grinding station.(Reha,1999)
After theseoperationstheprofilesmustbe weldedin orderto createthe sub-
sectionsof hospitalbed.In weldingoperation,jig fixturesareused.Everymodelhasits
own fixture.All sub-sectionshavetheirown fixtures.Theprofileswhichwill formthe
sub-section,areplacedon thesejig fixtures.Every profile has its own placeon the
fixture.Any otherpartcouldn'tfit this place.This preventsusingthewrong profile.
After theplacement,theprofilesareweldedontwo sidesatthesametimeequallyin
ordertopreventwreckageandshrinkwhilecooling.Becauseof thestrengthof theweld,
inertgasweldingis used.
(
Figure70: Jig fixtureandinertgasweld.(Reha,1999)
Weldedsub-sectionsarepaintedwithelectrostaticdust-paint,andovenedin high
temperatures.Non-toxicpaintis preferred.That'sbecausenottocontainanybacteria.
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Figure7\ : Paintedpartsgroupedtogether.(Reha,\999)
After thepainting,thesub-sectionsareassembledwith specialboltsandjoints.
Bearingsandelectricmotors,castersareassembledon theirplaces.The boltsusedin
assembly,arefiberedbolts,in ordernotto screwedbackwards.Profile openings,heads
of boltsarecoveredwithspecialstoppersin ordernottocauseanydamageby stucking.
Figure72:Assemblyof sub-sectionsof hospitalbed.(Reha,\999)
In Reha Saghk Uriinleri Ltd. ~ti., the productsare controlledtwo times after the
assemblybeforeselling.The workermakeshimselfonecontrolhimself,secondoneis
madebythemarketingmanager.Afterthese,thehospitalbedentersthemarket.
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4.5.Conclusion
Along thisstudy,twocriteriawhichplayimportantrolesin designinga product,
ergonomicsandfunctionalcriteriahadbeenexamined.A productshouldnotbeputinto
serviceof mankindwithouthavingthelimitationsof thesetwocriteria.Everyproduct,
mustprovidea purposeof usagewithits functionwhileprovidinga suitabilityof usage
with its ergonomics,in orderto be of helpto human.At leasttwo factorsneededto
consideranobjectasaconsumerproduct~areitsfunctionindicatedbyitsutilityandthe
ergonomicsindicatedbytheharmonyof productwiththedimensionsof user'snature.
The most importantreasonfor me to choosethe subjectof "Researchon
ErgonomicandFunctionalAspectsof HealthEquipmentWith a CaseStudyIncluding
Material and Production"~is the strict control of thesetwo criteria over the end
designedproduct,in otherwordsitsconsistingof bothof twocriteria.Anotherreasonis
that,thebedwasa productwithwhichhumanshares33percentof his lifetimein direct
contact.
As examinedin the disciplineof ergonomics,a hospitalbed is in maximum
harmonywiththehumanbody.It takestheshapeof thebody.This helpsto stabiliseits
naturalposture.Furthermore,it is also in interactionwith otherpartsof the human
body.It is controlled,directed,driven,movedor assemble,disassembleby handsand
feet.Thisnecessitatesthesuitabilityof hospitalbedtoergonomic riteria.
The flexibilityof changingintodifferentpositionsaccordingtothespaceit is in,
or accordingto thehealthsituationof the patientlays on it, andthe usabilityof its
controls by both the patient and the nursery~increasesits functionality and
attractiveness.Thesekindsof usageshouldbeappropriatetothefunctionalcriteria.
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In the endof this study;a generalpurposehospitalbed,which thoughtto be
suitablefor theergonomicandfunctionalcriteria,wasdesigned.
As indicatedin theintroductionchapter,thedataI utilisedmostin this research
andthecasestudyis theinformationwrittenin theproductcataloguesof hospitalbed
manufacturers.Thebooksandthepaperindicatedasreferences,thephotographsI had
taken,andtheweb sitesof thehospitalbed manufacturershavealsoutilisedin this
work
In our countrytherearemanufacturersin this field for about30 years.Up till
now the qualityin designhavemostlybeenignored,but todaynativemanufacturers
mustmakeproductsmatchingtheworldstandardsin thiscompetitivemarket.
I wish this studya helpful resourcefor studentsand professionalswho are
interestedin ergonomicsandhealthequipmentdesignandbealsoa resourcefor native
hospitalbedmanufacturersandhospitals.
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Meaningsof someLatin words
Abdomen(n.) : (Belly)Partofthe stomachthatincludesthestomachandbowels.
Cervical(adj.):of theneck.
Lumbar(n.) :Lowerpartof theback.
Pelvis(n.) :Bonyframewithinthehip-bonesandthelowerpartof thespine,
holdingthekidneys,rectum,bladderetc.
Thorax(n.) :Partof ananimal'sbodybetweentheneckandthebelly,e g in aman,
thechest.
Vertebra(n.) :Anyoneof thesegmentsof thespine.
